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ABSTRACT 


Uraniferous  phases  of  uranium  deposits  commonly 
occur  as  small  grains  difficult  to  isolate  by  commonly  used 
mineral  separation  techniques*  They  can  be  advan tageous ly 
studied  by  electron  microprobe*  A  review  of  uranium 
mineralogy  is  presented  The  various  aspects  of  electron 
microprobe  analysis  of  uranium—  and  thorium— bearing  minerals 
are  discussed  and  solutions  to  the  problems  encountered  are 
proposed*  These  aspects  include:  location  of  grains  for 
analysis,  instrumentation,  stability  of  the  minerals  beneath 
the  electron  beam,  determination  of  suitable  X— ray  emission 
lines,  choice  of  standards,  synthesis  of  glasses  and 
selection  of  operating  conditions* 

An  analytical  approach  is  defined  and  tested  on 
uranium—  and  thorium— bearing  materials  (X*£.*,  glasses  and 
minerals)*  All  nicroprobe  data  are  corrected  through  the 
computer  programme  COR— 2  (Henoc  e,t  a l *  *  1973);  some  were 

also  corrected  using  FEPAC  (Springer,  1976  )*  Compositions 
obtained  for  eight  glasses  and  two  minerals  (euxenite  and 
davidite  )  are  compared  with  those  previously  determined 
through  independent  methods*  Compositions  obtained  for  the 
other  minerals,  namely:  me ta— ura noc i rc i te ,  sabugalite, 
carnotite,  be ta— uranophane,  soddyite,  t horogumm i te ,  and 
urano t ho r ian i t e  are  compared  with  their  stoichiometric 
compositions  and  analyses  taken  from  the  literature* 
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Three  uranium  deposits  are  studied:  Baie  Johan 


Beetz  (Quebec),  Charlebois  Lake  (Saskatchewan),  and 
Duddridge  Lake  (Saskatchewan).  In  the  first  two,  uranium 
mineralization  occurs  in  granitic  to  pegmatitic  rocks;  in 
the  Last,  it  is  Located  in  meta  — arkoses •  Their  mineralogy  is 
described.  Analyses  of  uranium—  and  thorium-bearing  phases 
are  used  to  define  the  type  of  deposit,  and  the  Locus  of 
uranium  and  thorium  mineralization  in  the  rocks.  An  age  is 
calculated  from  the  uraninite  analyses,  relating  the 
mineralization  to  the  regional  geology.  The  process  of 
oxidation  of  uranium—  and  thor i um— mi ne ra Is  is  studied.  Two 
new  minerals  are  partly  defined:  a  Ti— V  phase,  and  a  U— Pb— Si 
phase • 

This  study  has  shown  that  it  is  not  only  possible 
to  identify  uranium  minerals  from  raicroprobe  results,  but 
also  to  obtain  quantitative  analyses,  while  avoiding 
separation  and  contamination.  The  accuracy  of  the  analyses 
is  best  exemplified  by  the  age  determination  of  mineralizing 
events  (  ^>  1317  Ma  at  Baie  Johan  Beetz,  with  readjustment 
around  1150  Ma;  —1750  Ma  at  Charlebois  Lake;  -2050  Ma  at 
Duddridge  Lake). 


v 


' 


ACKNOWLEDGEMENTS 


For  this  work,  samples  were  provided  by  Dr  R.A. 
Munday  for  the  Duddridge  Lake  area;  F.  Morra  and  Fosago 
Exploration  for  the  Charlebois  Lake  area#  J.A.  Smellie 
provided  glasses  and  minerals  of  known  composition,  and 
Atomic  Energy  of  Canada  Ltd  supplied  some  uranium  standard 
materials.  Texasgulf  Inc.  made  it  possible  for  the  author  to 
obtain  samples  from  the  Bale  Johan  Beetz  region.  I  thank 
them  for  their  contribution. 

In  Montreal,  the  Ecole  Polytechnique  and  the 
Centennial  College  have  made  computer  terminals  available  to 
the  author  for  the  completion  of  this  thesis.  I  would"  like 
to  express  my  gratitude  to  them. 

I  would  also  like  to  express  my  gratitude  for  all 
those  who  have  helped  in  the  realisation  of  this  work: 

Dr  D.G.W.  Smith  for  suggesting  this  topic  and  for  his 
Judicious  advice  and  guidance; 

Dr  R.D.  Morton  for  his  helpful  suggestions  and  his 
access ibi li ty; 

Dr  H.  Baadsgaard  and  Dr  R.  Cavell  for  discussions  and 
for  the  interest  they  have  manifested  in  the  course 
of  this  work. 


vi 


■ 


' 


' 


And  more  generally,  I  would  like  to  thank  the 


academic  and  technical  staff  of  the  Department  of  Geology, 
University  of  Alberta,  particularly  the  technical  staff  of 
the  microprobe  laooratory  (  D • A •  Tomlinson  and 

S.  L.  Launspach)  for  their  help  and  advice  during  my  stay  at 
the  Department. 

The  mi croanaly tical  laboratory  at  the  University 
of  Alberta  is  partly  supported  financially  by  a  grant 
( #A4254  )  from  the  National  Research  Council  of  Canada  to 
Dr  D.G.W.  Smith. 


vii 


TABLE  OF  CONTENTS 


CHAPTER  PAGE 

I  INTRODUCTION  . . . . . 1 

A,  GENERAL  CONSIDERATIONS . . 

1-  MINERALOGY  . . . .2 

2-  PETROCHEMISTRY . . . . . . . 2 

3-  METALLOGENY  . . . 4 

4-  GEOCHRONOLOGY  . . 

B.  METHODS  OF  ANALYSIS . . . . 

II  MINERALOGY  OF  URANIUM  . . 

A.  OXIDES  . . 

1-  ANHYDROUS  OXIDES  . 11 

2-  HYDROUS  OXIDES  . .........15 

Fourmar i er i te  Group  ••••.•.•••••••••••••••••••16 

Other  Hydrated  Uranium  Oxides  ••••••••••••••«•  1 8 

Gummi te  •••••  •••••••••••••••••••••••••••••••••18 

B.  MULTIPLE  OXIDES  . 19 

CoLurabi te  Group  •••••••••••••••.•••••••.•.••••19 

Pyrochlore  Group  ••••••••••••••••••••••••••••• 20 

Others  •••••••••••••••••••••••••••••••••••••••20 

C.  ARSENATES  AND  PHOSPHATES  . 21 

Urani  utn  Micas  ••••••••••••••••••••••••••••••••22 

Rhapdophane  Group  •••••«•••••••••••«•••••••••• 24 

Phosphuranylite  Group  •••••••••••• . •••••••25 

Others  •••••••••••«•••••••••••••••«••••••••••• 25 

D.  SILICATES  . 25 

Thorite  Group  ••••••••••••••••••••••••••••••••26 

Uranophane  Group  •••••••••«•••  ••••••••••••••••27 

Others  •••••••••••••••••••••••••••••••••••••••27 

E.  CARBONATES  . . 28 

Tricarbonate  Series  •••••••••«•••••••••••••••• 28 

Others  •••••••••••••••••••••••••••••••••••••••29 

F.  SULPHATES  . 29 

G.  VANADATES  . 31 

Carnotite  Group  ••••••••«••••••«•••••••••••••• 3 1 

H.  TELLURITES  . 32 

I.  URANIUM-MOLYBDENUM  MINERALS  . ..33 

J.  SELENITES  . 34 

K.  CARBONACEOUS  MATERIALS . 35 

III  PREVIOUS  WORK  . 46 

IV  ANALYTICAL  APPROACH . 49 

A.  LOCATION  OF  GRAINS  FOR  ANALYSIS  . 50 

B.  INSTRUMENTATION  . 51 

C.  STABILITY  OF  MINERALS  BENEATH  THE  ELECTRON  BEAM  .51 

D.  SUITABLE  X-RAY  EMISSION  LINES  . 54 

E.  CORRECTIONS  FOR  MATRIX  EFFECTS  . . 56 

1-  ALPHA  FACTORS  . 57 

2-  COMPREHENSIVE  1 ZAF*  CORRECTIONS  . 57 


vi  ii 


' 


F.  PRESENCE  OF  WATER  AND  HYDROXYL  IONS  . . . . 66 

G.  STANDARDS  . 70 

H.  OPERATING  CONDITIONS . . . 70 

V  STANDARDS  . 72 

A-  STANDARD  MATERIALS  . . . . 72 

1.  GENERALITIES  . 72 

Pure  Me  ta Is  .«••••«•••••• . ..•••••••••.•••73 

Simple  Compounds  .••..••••••••••••••••••••••••  74 

Alloys  •••••••••••••••••••. . ••••••••  74 

Glasses  •...••...•.•••••.•••••••••.•••••••••••75 

Minerals  .«•«.•••••••••••••••. ••••••••••••••••76 

2.  STANDARD  MATERIALS . . . 78 

B-  GLASSES  •  . . . . 78 

1.  PREVIOUS  WORK  . . . 79 

2.  CONSTRAINTS  .  . . . . 81 

Glass— formers  ••••••••••••••••••••••••••••••••82 

Compositional  Gradients  •••••••••••••••••••••• 82 

Heating  Equipment  •••••••••••••••••••••••••••• 83 

3.  COMPOSITION . 84 

4.  SOURCE  MATERIALS  AND  PREPARATION  . . 85 

Source  Materials  ••••••••••••••••••••••••••••• 85 

P re par a  tion  ••••••••••••••••«••••••• . ••••86 

5.  RESULTS  . 87 

1450* C  Maximum  ••••••••••••••••••••••••••••••• 87 

1 700* C  Maximum  •••••••••••••••••••••••••••••••89 

VI  ANALYSIS  OF  STANDARD  MATERIALS . . . 91 

A-  GLASSES  . . . . 91 

1.  GLASSES  11,  12f  13,  AND  15  . 91 

2.  GLASSES  A,  B,  D,  AND  E  . 92 

B-  MINERALS  . . . . . . 94 

1.  EUXENITE . . . 94 

2.  DAVIDITE  . . . . . 97 

3.  META-AUTUNITE . 98 

4.  META-URANOCIRCITE  . 99 

5.  SABUGALITE  . 99 

6.  CARNOTITE  . 101 

7.  /?— UKANOPHANE  . 102 

8.  SODDYITE . 103 

9.  THOROGUMMITE  . ....103 

10.  URANOT  HORI AN ITE . 104 

C-  CONCLUSIONS . . . . . . . •••• . 104 

VII  BA  I  E  JOHAN  BEETZ . 125 

A-  DESCRIPTION  . . 125 

1.  LOCALIZATION  . 125 

2.  PREVIOUS  WORK  . 126 

3.  GEOLOGY  . 128 

Basement  Gneisses  •••••••••••  ••••••••••••••••  .129 

Wake ham  Basin  ••••••••••••••••••••••••••••••••129 

Wakeham  Group  •••••••••••••••••••••••••••••»«• 129 

Metagabbros  •••••••••••••••••••••••••••••••••• 131 

Younger  Intrusive  Rocks  ••••••••••••••••••••••132 

1—  Large  Bodies  ••••••••• . •••••• . ••••133 

2—  Smaller  Masses,  Sills,  And  Dykes  ••••••••••133 

lx 


. . 

■ 

■ 


Paleozoic  Sediments  ••••••••••••••••••••••••••134 

4.  CHRONOLOGICAL  RELATIONSHIPS . .,134 

5.  METAMORPHISM  . 135 

6.  MINERALIZATION  . ...136 

7.  CONSIDERATIONS  ON  THE  ORIGIN  OF  THE  GRANITES  .138 
Hypothesis  For  The  Formation  Of  The  Granites  .141 

B-  ANALYSIS  . ••••142 

1.  URANINITE . ..143 

Age  ••••«••••••  . . •••.•••••••••••••••••••145 

2.  MONAZITE  . 148 

3.  XENOTIME  AND  CHURCH  ITE  . .  .,151 

4.  SAMARSKITE  . . ....154 

5.  ALLANITE  . 155 

6.  TITANOBETAF ITE  . 161 

7.  THOROGUMMITE  .  . . 162 

8.  ZIRCON . 164 

C-  CONCLUSIONS  . 166 

VIII  DUCDRIDGE  LAKE  . 170 

A—  DESCRIPTION . ..170 

1.  LOCALIZATION  . ..170 

2.  PREVIOUS  WORK  . 171 

3.  GEOLOGY  . 173 

Granitic  Gneisses  «•••••• . ••••••••••••••••173 

Supracrastal  Rocks  •••••••••••••••••••••••••••175 

Basic  Intrusive  Rocks  ••••••••••••••••••••••••176 

Pegmatites  And  Quartz  Veins  ••••••••••••••••••176 

Gl ac ial  Deposits  •••••••••••••••••••••••••••••176 

4.  CHRONOLOGICAL  RELATIONSHIPS . 177 

5.  TECTONICS  AND  METAMORPHISM  . . 177 

6.  MINERALIZATION:  Summarized  From  Sibbaid  e_t  ai. » 

1976  ...178 

7.  SOURCE  OF  THE  URANIUM . 179 

B—  ANALYSIS . 179 

1.  URANINITE  . . ....•••.•180 

Age  ••••••••••••••••••••••••••••••••••••••••••181 

2.  1  BRANNERITE*  . ...182 

3  •  U-Pb-Si  PHASE . .....187 

4.  Ti-V  PHASE  . 190 

5.  RUTILE  . .......192 

6.  ZIRCON . 193 

7.  MONAZITE . 194 

8.  APATITE  . 195 

C-  CONCLUSIONS  ••••• . 195 

IX  CHARLEBOIS  LAKE  . 198 

A—  DESCRIPTION . 198 

1.  LOCALIZATION  . 198 

2.  GENERAL  GEOLOGY . 200 

3.  DESCRIPTION  CF  LITHOLOGICAL  UNITS  . 201 

A—  Granitic  And  Tonalitic  Gneisses  ••••••••••• 202 

B—  Grauodioritic  Granofels  ••••••••••••••••••• 202 

C—  Migmatites  ••••••••••••••••••••••••••••••••202 

D—  Calc-silicate  Rocks  ••••••••••••••••••••••• 203 

E—  Hornblende  Gneiss,  Amphibolite;  F-  Biotite 


x 


' 

■ 


Gneiss 

G—  Quartz! te  ••••••«•••••••«•••••••••••••••••• 203 

H—  Pink  Pegmatite  Dykes  And  Irregular  Bodies 

Of  G  rani  tic  Rocks  •••«•«••••••••••••••••••• 203 

4.  STRATIGRAPHY  . 204 

5.  STRUCTURE  . . •••••••206 

6.  METAMORPHISM  . . . .2  07 

7.  MINERALIZATION  . 208 

B-  ANALYSIS . 209 

1.  APPEARANCE  OF  URANINITE  AND  MONAZITE  . 210 

2.  URANINITE  . ...215 

Age  ••••••••••••••••••••••••••••••••••••••••••216 

3.  MONAZITE  . 217 

4.  ZIRCON  . 218 

C—  CONCLUSIONS  . ...219 

X  CONCLUSION  ••••• . ••....222 

BIBLIOGRAPHY . 228 

APPENDIX  I  PERMANENT  DATA  FILE  FOR  COR-2  •••• . 273 

APPENDIX  II  SUGGESTIONS  FOR  THE  ANALYSIS  OF  U  AND 

TH—MI NERALS . 293 

A-  PREPARATION  FOR  MICROPROBE  ANALYSIS  OF  U  AND  Th- 

MINERALS  . 293 

B-  TESTS  FOR  HOMOGENEITY  . 294 

1.  ENERGY  DISPERSIVE  ANALYSIS . 295 

2.  WAVELENGTH  DISPERSIVE  ANALYSIS  . 295 

C-  OPERATING  CONDITIONS . 296 

D-  DATA  PROCESSING  . 300 

E-  ELEMENTS  NOT  ANALYSED  . •...•••..301 

APPENDIX  III  SAMPLE  TEMPERATURE  BENEATH  THE  ELECTRON 

BEAM . ••••• . 303 

APPENDIX  IV  IDENTIFICATION  AND  PETROGRAPHIC 

DESCRIPTIONS  OF  SAMPLES  . 305 


xi 


LIST  OF  TABLES 


Table  Description  Page 

1  Average  abundances  of  thorium  and  uranium  in  the 
Earth's  Crust  and  in  three  common  rocks#  •••••••••  *3 

2  Average  of  unit  cell  dimension  of  uraninite  in 
relation  with  the  type  of  occurrence*  •••••••••••••13 

3  Varieties  of  pyrochlore.  ••••• . ••••«•••••«••••• 2 1 

4  List  of  uranium  minerals*  ••••••••••••••••••••••••• 3 6 


5  Numbers  and  corresponding  reference  for  table  2.  *.45 


6  Microprobe  composition  of  U3Si  for  various 
hypothetical  U-M «  and  U— M5  absorption  Jump 

rati  os*  ••••••••••••••••••••••••■••••  •«•••••••••  •••64 

7  Average  atomic  number  for  simple  compounds: 
experimental  and  calculated  values*  ••••••••••••••• 69 

8  Theoritical  composition  of  glasses  A,  B,  D  and  E«  *76 

9  Theoritical  composition  of  glasses  11*  12*  13  and 

15 . 76 

10  List  of  elements  analysed  and  corresponding 

s  tandards •  •••••••••••••••••••••••••••••••••••••  •••78 

11  Systems  yielding  homogeneous  uranium-silica 
glasses  and  reference  work*  •••••••••••••••••••••••81 

12  Composition  of  glasses  1*  2  and  3«  •••••••••••••••• 87 

13  Composition  of  glasses  11*  12*  13*  15  and 

detailed  correction  factors  for  microprobe  data 
computed  through  FEPAC*  •••«•••••••••••••••••••«••• 1 07 

14  Composition  of  glasses  11*  12*  13*  15  and 

detailed  correction  factors  for  microprobe  data 
computed  through  COR— 2 •  •••••••••••••••••••••••«•••! 08 

15  Composition  of  glasses  11*  12*  13  and  15  as 

obtained  from  initial  powders*  wet  chemical 
analysis  and  microprobe  data  corrected  through 

FEPAC  and  COR-2 . .  •  .  1  09 

16  Theoritical  and  microprobe  composition  of  glasses 
A,  B,  D  and  E  with  detailed  correction  factors 

for  data  computed  through  COR— 2*  ••••••••••••••••••110 

17  Theoritical  and  analytical  ( COR— 2  )  atomic 
proportions  of  Al,  Si  and  Ca  in  glasses  A,  B*  D 

and  E«  ••••••••••••••••••••••••••••••••••••••••••••111 

18  Composition  of  glasses  A,  B*  D*  E  and  total 

correction  factors  for  microprobe  data  computed 
through  FEPAC •  ••••••••••••••••••••••••••••••••••••111 

19  Composition  of  euxenite.  ••••••••••••••••••••••••••112 

20  Composition  of  euxenite  and  detailed  microprobe 
correction  factors.  •••••••••••••••••••••••••••••••113 

2 1  Composi tion  of  davidite*  •••••••••••••••••••••*••••114 

22  Composition  of  davidite  and  detailed  microprobe 
correc  t i on  factors*  •••••••••••••••••••••••••••••••115 

23  Composition  of  autunite  and  me ta-autun i t e •  ••• . 116 


xii 


' 


24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 


Composition  of  metatorbernite  and  meta  — 

uranoc i rcite.  •  ••••••••••.•••.••••••••••••••,«••••,  117 

*  d  *  spacings  for  sabugalite.  ••••••••••••••••••••••118 

Composition  of  sabugalite.  •«•«•• . •••••<••••••119 

Composition  of  carnotite.  •••••••••••••••••••••••••120 

Composition  of  ^l-uranophanei  ••••••••••••■•••••••••121 

Coinposi  ti  on  of  soddyi  t  e.  •••••«••  ••••••••••••••••••1  22 

Composition  of  t  ho  rogutnm  i  t  e  •  ••••«••••••••••••••«••  1  23 

Composition  of  urano thor iani te •  •••••••••••••••••••124 

Average  mine ralogi cal  composition  of  the  Lac 

lurgeon  and  Lac  Ferland  granites.  •••••••••••••••••139 

Composition  of  uraninites  from  the  Baie  Johan 

Beetz  regi on •  •••••••••••••••«••••••••••••••••••«•• 144 

Approximative  age  of  uraninites  from  the  Baie 

Johan  beetz  region*  •••••••••••••••••••••••••••••••148 

Composition  of  monazites  from  the  Baie  Johan 

Beetz  regi on*  •• •••••••••••••••••••••••••••••••••••151 

Composition  of  xenotimes  from  the  Baie  Johan 

Beetz  region*  •••••••••••••••••••••••••••••••••••••153 

Composition  of  samarskites  from  the  Baie  Johan 

Beetz  regi  on •  •••••••••••••••••••  ••••••••••••••••••155 

Composition  of  allanite  from  the  Baie  Johan  Beetz 
region*  •••••••••••••••••••••••••••••  ••••••••••••••160 

Composition  of  t it anobetaf ite  from  the  Baie  Johan 
Beetz  region*  •••••••••••••■•••••••••••••••••••••••162 

Composition  of  tho rogummite  from  the  Baie  Johan 
Beetz  region*  •••••••••••••••••••••••••••••••••••••! 63 

Composition  of  zircons  from  the  Baie  Johan  Beetz 

region*  ••••••••••••••••••••••••« . ••••••• . 165 

Minerals  from  the  Baie  Johan  Beetz  region  which 
contain  uranium,  thorium  and  rare-earth  elements.  .167 
Stratigraphy  of  the  Duddridge  Lake  region*  ••••••••174 

Composition  of  uraninites  from  the  Duddridge  Lake 
regi on*  •••••••••••«•••••«•••••••••••••••••••••• •••181 

Age  of  uraninites  from  the  Duddridge  Lake  region.  .182 

Composition  of  1 brannerite1  from  the  Duddridge 

Lake  region*  ••••••••••••••••••••••••••••••••••••••186 

Composition  of  U— Pb- Si  phase  from  the  Duddridge 

Lake  region •  •••••••••••••••••••••••••••••••«••«••• 1 88 

Composition  of  Ti-V  phase  from  the  Duddridge  Lake 
region •  ••  ••••••••••••••••••••••••*••••••••••••••••190 

Composition  of  rutile  from  the  Duddridge  Lake 

regi on*  ••••••• ••••••••••••••••••••••••••••••••••••1 92 

Composition  of  zircons  from  the  Duddridge  Lake 

regi on •  •••••••••••••••••••••••••••••••••••••••••••1 93 

Thorium  and  uranium  contents  of  monazites  from 

the  Duddri dge  Lake  region.  ••••••••••••••••••••••••194 

Stratigraphy  of  the  Charlebois  Lake  region.  •••••••205 

Metamorphic  mineral  assemblages  from  the 

Charlebois  Lake  region.  ••••••••••••••••••••••••••• 2 07 

Composition  of  uraninites  from  the  Charlebois 

Lake  region.  ••••••«••••••••••••••• . •••••••216 

Approximative  age  of  uraninites  from  the 


xi  ii 


' 


•  ’ .  t  1 


■ 


56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 


216 


Charlebois  Lake  region*  •••••••••••••••••••••• 

Uranium  and  thorium  contents  of  monazites  from 
the  Charlebois  Lake  region*  •••••••••••••••••••••••218 

Composition  of  zircon  from  the  Charlebois  Lake 

region*  •••••••••••••••••••••••••••••••••••••••••••219 

Format  for  the  computer  file  listed  in  table  59«  **274 

Listing  of  the  permanent  data  file  referred  to  in 

COfc-2 . 275 

Basic  data  and  suggestions  for  the  analysis  of 
uraniuiEf  thorium  and  commonly  associated 

e lements.  •••••••••••••••••••• . •••••••••••••••298 

Elements  and  lines  recorded  with  some  common 

crystals  used  in  WDA.  •••••••••••••••• . ••••••••300 

Identification  of  the  samples  from  the  Baie  Johan 
Beetz  region*  ••••••••••••••••••••••••••••••••••••• 3 06 

Petrographic  description  of  the  samples  from  the 
Baie  Johan  Beetz  region*  •••••••••••••••••••••••••• 3 07 

Identification  of  the  boulder  samples  from  the 
Duddridge  Lake  region*  ••••••••••••••••••••••••••• *325 

Petrographic  description  of  the  samples  from  the 
Duddridge  Lake  region*  •••••••••••••••••••••••••••• 3 26 

Identification  of  the  samples  from  the  Charlebois 
Lake  region*  ••••••••••••••••••••••••••••••••••••••336 

Petrographic  description  of  the  samples  from  the 
Charlebois  Lake  region*  •••••••• . ••••«•••«•••• 337 


x  iv 


'  * 


LIST  OF  FIGURES 


Figure 


Page 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
1 1 


Variation  with  time  of  uranium  count  rate  of  a 
uranophane  specimen  beneath  a  focussed  electron 
beam* 

Partial  spectra  for  uranium,  thorium  and 
potassium  at  15  kV •  •••••••••••••••••••••••••••••< 

Variation  of  the  apparent  silicon  concentration 
in  U3Si  with  absorption  Jump  ratio. 

Relationship  between  the  atomic  number  of  pure 
elements  and  their  sample  current / probe  current 
ra  tio. 

Relationship  between  the  average  atomic  number  of 
compounds  and  their  sample  cur ren t / probe  current 
ratio.  ... 


Distribution  of 
Geological  map  o 
Histogram  of  the 
Johan  Beetz  regi 
Spectra  for  the 
Baie  Johan  Beetz 
Geological  map  o 
Geological  map  o 


rare-earth  elements  in  euxenite.  .. 
f  the  Baie  Johan  Beetz  region.  .... 
age  of  uraninites  from  the  Baie 

on  •  ••••••••••••••••••••••••••••••• 

composition  of  allanite  from  the 
region.  ••••  •••••  .... ...... 

f  the  Duddridge  Lake  region.  . . 

f  the  Charlebois  Lake  region.  ..... 


53 

55 

63 


67 


67 

96 

126 

148 

156 

171 

199 


xv 


' 


LIST  OF  PHOTOGRAPHIC  PLATES 


Plate  Description  Page 

1  Backseat te red  electron  and  elemental  photographs 

of  ' me  t a— uranoci rcite*  •  •  ••••••••••••••••••••••••• *1 00 

2  Backseat tered  electron  and  elemental  photographs 

of  aionazite  in  sample  JB— 10*  ••••••••••••••••••«•••  1 49 

3  Transmitted  light  and  elemental  photographs  of 

allanite  in  sample  JB— 15*  •••«•••«••••••••••••••••• 1 57 

4  Reflected  light,  backs ca t tered  electron,  and 
elemental  photographs  of  •brannerite*  in  sample 

DL-5 . . . 184 

5  Backseat te red  electron  and  elemental  photographs 

of  1 U— Pb— Si*  phase  in  sample  DL— 3«  •••••••••••••••• 1 89 

6  Backsca t te red  electron  and  elemental  photographs 

of  uraninite  in  sample  CL-1 .  . . •••••••••211 

7  Backseat te red  electron  and  elemental  photographs 

of  monazite  in  sample  CL— 1 •  ••«•••••••••••••••••••• 2 12 

8  Backseat tered  electron  and  elemental  photographs 

of  uraninite  in  sample  CL— 5«  •••••«••••••••••••••«• 2 14 


xvi 


CHAPTER  I 


INTRODUCT  ION 


Ai^gEttERAL..  £OttSJ.DE£ATt£&s 


Developments  in  nu,clear  technology  and 
increasing  demand  for  energy  have  focussed  attent 
uranium— bearing  minerals  of  igneous,  metamorphic 
sedimentary  rocks*  Apart  from  being  a  major  const 
certain  minerals,  uranium  occurs  as  a  minor  eleae 
substituting  in  the  lattice  of  a  substantial  numb 
minerals*  Frequently  the  uraniferous  phases  occur 
less  than  50  microns  in  diameter  and,  because  of 
size,  they  are  difficult  to  study* 

Investigations  of  uranium  minerals  have 
applications  in  several  domains,  particularly  the 
mineralogy,  petrology,  metallogeny,  geochemistry 
ge  oc  hrono 1 ogy • 
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1-  MINERALOGY 


Although  uranium  is  a  trace  element  in  the 
Crust,  its  minerals  are  numerous  although  not  abundan 
least  120  uranium  minerals  have  already  been  recogniz 
Because  most  of  them  are  hexavalent  uranium  compounds 
have  no  structural  analogues  amongst  other  mineral  gr 
and  are  therefore,  of  particular  interest  in  mineralo 
crystal  chemistry*  Most  of  these  hexavalent  uranium  m 
occur  within  the  weathering  zone  but  the  bulk  of  uran 
contained  in  the  Earth’s  Crust  occurs  in  the  tetraval 
state,  often  associated  with  thorium* 

Uranium  not  only  forms  a  number  of  distinct 
mineral  species  but  also  occurs  as  a  vicarious  consti 
in  more  common  rock— forming  minerals  such  as  zircon, 


and  monazite* 


Earth 1 s 
t  •  At 
ed  • 

,  they 
oups 
gy  and 
i  ne  ra Is 
i  um 
en  t 


tuent 
a  pa  t  i  te 


2-  PETROCHEMISTRY 

Uranium  and  thorium  are  present  in  the  Crust  in 
small  amounts  only*  Average  contents  of  some  crustal 
materials,  listed  in  table  1,  give  a  rough  idea  of 
concentrations  that  may  be  expected  in  'normal*  rocks*  The 
table  does  not  include  metamorphic  rocks*  These  have 
compositions  c or  re spon di ng  to  those  of  the  original 
precursor  sedimentary  or  igneous  rocks,  but  their  uranium 
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and  thorium  contents  appear  to  decrease  with  increasing 
metamorphism.  Indeed,  uranium  and  thorium  tend  to  follow  the 
larger  ions,  potassium  and  rubidium,  and  migrate  away  from 
regions  of  high  metamorphism. 


Table  1.  Average  abundances  of  thorium  and  uranium  in  the 
Earth1 s  Crust  and  in  three  common  rocks,  in  parts  per 
million  (Krauskopf,  1967). 


Element  Crust  Granite  Basalt  Shale 

Th  9.6  17  2.2  11 

U  2.7  4.8  0.6  3.2 


As  shown  in  table  1,  uranium  and  thorium  contents 
of  rocks  are  normally  low,  consequently  their  minerals  can 
be  difficult  to  recognize  and,  when  metamict,  to  identify. 
Recognition  of  these  minerals,  and  particularly  the  study  of 
their  compositions,  can  be  of  help  in  determining  the  origin 
of  a  rock  (or  deposit),  and  also  in  the  characterization  of 
a  suite  of  rocks. 

The  first  case  is  best  exemplified  by  uraninite. 
Low  temperature  uraninite  is  normally  thorium— free  while 
high  temperature  uraninite  is  usually  not.  This  difference 
in  composition  arises  from  the  different  geochemical 
properties  of  uranium  and  thorium.  The  second  case  can  be 
seen,  for  example,  in  the  identification  of  sedimentary 
beds.  Suites  of  rocks  can  be  typified  by  their  heavy 
minerals.  This  facilitates  the  recognition  and  correlation 
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of  a  specific  bed  at  different  locations* 

3^  METALLOGENY 

As  the  demand  for  uranium  increases,  some 
extremely  low-grade  deposits  may  become  economical  if  the 
uranium  can  be  extracted  easily*  This,  for  example,  is  the 
case  for  the  Rosslng  deposits  and  Uppe r— Cambri an  black  shale 
deposit  of  Sweden*  When  a  deposit  lies  on  the  margin  of 
economic  viability,  the  types  of  uranium  minerals  present, 
as  well  as  their  compositions,  may  have  a  bearing  not  only 
on  metallogenic  interpretations  but  also  on  benef i ci a t i on 
processes*  Thus,  it  is  important  to  recognize  and  analyse 
the  host  minerals  of  uranium* 

4-  GEOCHRONOLOGY 

For  the  last  30  years  uranium,  thorium  and  their 
radiogenic  products  have  been  used  to  date  geological 
events*  Such  determinations  are  most  often  performed  by 
isotopic  analyses  on  minerals  containing  minor  amounts  of 
uranium  (and  thorium),  rather  than  on  uranium  minerals*  This 
method  employs  of  mass  spectrometers  and  Involves  long  and 
tedious  mineral  separation,  and  chemical  preparation*  In 


this  case  microprobe  analysis  may  be  beneficial  in  two  ways, 
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or  rather,  at  two  different  scales.  Firstly,  it  permits  the 
study  of  the  inter—  and  intra— grain  variations  of  uranium—, 
thorium—  and  lead— bearing  phases  and  thus,  characterization 
of  the  various  generations  of  a  mineral  species.  Secondly, 
it  may  provide  a  very  rapid  method  of  approximate  age 
determination  using  uranium-  and  thorium— rich  minerals,  such 
as  uraninite,  coffinite  and  thorianite.  These  determinations 
will  obviously  not  be  as  precise  as  those  made  by  mass- 
spectrometry  but  they  may  be  sufficient  to  place  an  event 
inside  a  specific  geological  period.  This  latter  usage  is 
exemplified  in  our  study  of  some  Canadian  uranium  deposits 
discussed  later  in  this  thesis. 


Bj— KEXEflfiS,  QF  .ANALYSIS 

A  number  of  techniques  and  instruments  are 
available  to  study  uranium  bearing  minerals.  They  can  be 
divided  into  two  groups. 

The  first  requires  mineral  separation  prior  to 
analysis.  Examples  are:  analysis  by  wet  chemical  techniques, 
X— ray  fluorescence  analysis,  absorption  and  gamma-ray 
spectrometry,  fluorimetry,  neutron  activation  analysis; 
structure  de term i na t i on  by  X— ray  diffraction;  mineral 
characterization  by  differential  thermal  analysis  (D.T.A.  ) 
and  thermo-gravimetric  analysis;  isotope  determination  by 


. 
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mass— spec t  rome  try  • 

The  second  includes  methods  of  i  p  si  tu  analysis 
such  as  optical  microscopy  in  both  reflected  and  transmitted 
light,  autoradiography,  radioluxography,  fission  track 
analysis,  spectrometry  in  the  optical  to  near  infra-red 
wavelength  region,  and  electron,  ion  and  laser  microprobe 
analysis.  The  latter  two  have  not  been  used  to  date,  but 
nevertheless  remain  as  possibilities. 

The  main  drawback  common  to  the  first  group  of 
techniques  is  the  necessity  for  mineral  separation.  Indeed, 
uranium  minerals  are  particularly  difficult  to  isolate 
because  they  are  often  heterogeneous,  fine-grained  and  in 
some  cases  soluble  in  commonly  used  separation  liquids. 

Thus,  many  of  the  hexavalent  uranium  minerals,  for  example, 
are  soluble  in  acetone  which  is  commonly  used  to  adjust  the 
density  of  heavy  liquids  and  to  wash  the  separated  aliquots. 
Mass-spectrometry  (isotope  determination)  and  X-ray 
diffraction,  however,  require  only  very  small  amounts  of 
material  which  can  often  be  hand  selected  from  a  crushed 
sample  or  plucked  out  of  a  rock  specimen  with  a  needle. 

Mass— spec t rome try  will  usually  deal  only  with  uranium, 
thorium  and  one  of  their  decay  products  and  is  not  commonly 
used  for  complete  chemical  analysis.  X— ray  diffraction 
yields  structural  information  leading  to  mineral 
identification  and,  in  the  base  of  simple  compounds,  to  the 
determination  of  the  ratio  of  the  two  major  constituents. 
Uranium  and/or  thorium— rich  minerals  are  often  metamict  as 
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the  result  of  radioactivity  damaging  the  lattice.  Such 
minerals  must  be  recrystallized  by  heating  the  grains  to 
about  1000  C.  When  heated  in  this  way,  the  final  product  may 
be  chemically  different  from  the  original  due  to  selective 
evaporation.  Moreover,  due  to  different  conditions  of 
crystallization,  it  will  not  necessarily  be  restored  to  its 
initial  crystal  structure. 

Methods  of  the  second  group  yield  information  of 
various  types. 

Autoradiography,  r adioluxogra phy  and  fission  track 
analysis  are  useful  in  locating  radioactive  phases,  but  they 
do  not  differentiate  between  uranium  and  thorium  and  lead 
only  to  a  rough  estimate  of  the  •richness*  of  a  rock  or 
mineral  in  radioactive  constituents. 

By  using  microscopy  in  reflected  or  transmitted 
light,  well  crystallized  grains  can  be  identified  and  their 
relationship  with  other  constituents  can  be  established. 

This  method  also  yields  a  limited  amount  of  information 
relative  to  composition.  Indeed  reflectance  combined  with 
micro-indentation  hardness  has  been  related  to  the  amount  of 
lead  present  in  the  structure  of  uraninite  (Morton  and 
Sassano,  1972)  but  this  has  not  yet  found  much  practical 
use,  nor  have  similar  experiments  been  carried  out  on  other 
uranium  and  thorium  minerals. 

Since  its  introduction  to  the  Earth  Sciences 
around  1960,  the  electron  microprobe  has  become  an 


increasingly  important  tool  in  the  study  of  minerals.  The 
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capabilities  of  this  instrument  seem  ideal  for  uranium- 
bearing  minerals  since  they  permit  the  study  of  small-scale 
chemical  variations  and  of  fine  grained  materials  where 
separation  is  often  impossible*  Howeverf  a  review  of 
applications  of  the  electron  microprobe  in  mineralogy  (Keil, 
1973)  shows  that  only  very  few  attempts  have  been  made  to 
use  this  instrument  to  analyse  uranium  minerals.  This 
reflects  the  fact  that  the  accurate  determination  of  uranium 
and  thorium  with  the  microprobe  is  fraught  with 
difficulties*  We  have,  nevertheless,  chosen  to  explore  the 
potential  of  this  instrument  and  thus  a  detailed  review  of 
the  difficulties  encountered  will  be  given  and  possible 
solutions  discussed*  The  ion  and  laser  microprobes  are  still 
rare  instruments  and  were  not  available  at  the  University  of 
Alberta*  The  laser  probe  (Keil  and  Snetsinger,  1973)  permits 
three  dimensional  analysis,  ^..e*  ,  the  beam  can  scan  an  area 
and  traverse  it  in  depth,  to  study  for  example,  zoning*  This 
can  be  done  only  at  the  surface  with  the  electron 
microprobe*  At  present  corrections  for  laser  probe  data  are 
very  approximate  and  therefore  this  instrument  does  not 
present  any  advantages  over  the  electron  microprobe*  The  ion 
probe  (Andersen,  1973)  gives  the  possibility  of  iil 
isotopic  determinations  and  may  be  very  useful  to  study 
mineral  growth  and  to  date  geological  events*  However,  as  in 
the  case  of  the  laser  probe,  corrections  are  still  only 
approximately  known,  and  in  any  case,  the  instrument  is  less 
applicable  to  simple  chemical  analysis  and  mineral 
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identificati on • 


CHAPTER  IJ 


MINERALOGY  OF  URANIUM 

To  understand  the  problems  linked  with  the 
analysis  of  uranium  minerals,  it  is  necessary  to  consider 
the  mineralogy  of  uranium.  Comprehensive  books  on  this 
subject  are  those  of  Frondel  ( 1958)  and  Heinrich  ( 1958);  a 
more  recent  summary  has  been  tabulated  by  Hounslow  (1976). 
Because  many  new  uranium  phases  have  been  identified  since 
1958,  a  brief  updated  review  of  the  mineralogy  of  uranium  is 
presented  here. 

Uranium  minerals  can  be  divided  into  ten  classes 
(table  4,  at  end  of  chapter): 

oxi des 

multiple  oxides 

arsenates  and  phosphates 

si l ica tes 

carbonates 

sul fates 

van  ada  t es 

tel lur i te  s 
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uranium-molybdenum  minerals 
sel en i t es • 

Naturally  occurring  uranium  rich  carbonaceous  matter  has 
also  been  described* 

Because  the  chemistry  of  thorium  resembles  that  of 
tetravalent  uranium*  the  tetravalent  uranium  minerals  have 
thorium  equivalents*  The  latter  have  been  included  in  table 
4,  and  in  the  following  description* 


A.j  _ QUIRES 

The  uranium  oxides  are  of  two  types: 

1—  anhydrous  i.*e*  ,  uraninite  (and  its  analogue, 
thori ani te ) 

2—  hydrous  JL*.£*»  the  hydrated  uranyl  oxides 


1-  ANHYDROUS  OXIDES 


oxi de , 
sy s  t  em 
ce 11  is 


is  essentially  a  tetravalent  uranium 
having  the  formula  U02*  It  crystallizes  in  the  cubic 
and  has  a  fluorite  type  structure;  the  fundamental 


face  centered  with  respect  to  the  uranium  ions,  with 


the  oxygen  ions  at  1/4,  1/4,  1/4  equivalent  sites 


■ 


' 


12 


Ramdohr  ( 1969)  has  reported  that  many  specimens  of 
uranlnite  (Indus  Valley,  Blind  River,  Wi twa ter srand , 
synthetic)  exhibit  characteristic  cleavage  (111),  seldom 
(100);  but  in  general  cleavage  is  not  observed  in  natural 
crystals,  having  been  destroyed  by  radiation  effects# 

Pitchblende  is  a  descriptive  name  commonly  used 
for  colloform,  microcrystaline  uraninlte. 

The  composition  of  uraninites  is  somewhat  variable 

due  to! 

1—  non-stoichiometry 

2—  presence  of  radiogenic  lead 

3—  presence  of  elements  in  substitution  for  uranium 


1—  Non— stoichiometry 

The  variability  of  U/O  ratio  observed  can  be 
imputed  tot 

1—  conditions  prevailing  at  the  time  of 
crystallization;  uraninite  can  crystallize  in  a  more 
or  less  oxidized  state,  the  degree  of  oxidation 
Increasing  with  temperature  (Berman,  1957); 

2-  self-oxidation:  this  is  a  continuous  process 

resulting  from  the  liberation  of  oxygen  as  uranium 
decays  to  lead,  » 

U02  =  PbO  +  O 

In  UO(  2  +  x)  ,  the  excess  oxygen  is  accommodated  in 
the  cubic  lattice,  either  at  position  1/2,  1/2,  1/2  of  the 


_ 


' 
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cell  (Alberman  and  Anderson,  1949),  or  at  position 
1/2,  0,  0#  In  the  latter  case,  •normal*  oxygen  would  be 

slightly  displaced#  The  cell  parameters  decrease  as  *x* 
increases#  The  range  of  *x*  for  natural  uranini tes  has  not 
been  determined  but,  the  occurrence  of  a— U3O7,  the 
tetragonal  equivalent  of  UO2 .33*  has  been  reported  (Dahlkamp 
and  Tan,  1977).  Cell  dimensions  and  oxidation  state  can  be 
correlated  with  the  origin  of  the  uraninite  as  shown  in 
table  2# 


Table  2#  Averages  of  unit— cell  dimension  ao  of  untreated 
natural  uraninites  in  relation  to  the  type  of  occurrence# 
•n*  is  the  number  of  measurements  used  for  calculation  of 
the  average#  The  ao  values  used  to  compute  the  average  are 
listed  in  Frondel  (1958)  p#  24—28# 


occurrence 

ao(l) 

n 

pegmat i t  e 

5.465 

59 

ve  i  n 

5.439 

92 

sediment 

5.410 

68 

2—  Radiogenic  lead 

This  subject  has  been  studied  by  Berman  (1957)#  He 
showed  that  radiogenic  lead  does  not  replace  uranium  in  the 
cubic  lattice  but  exsolves  to  form  orthorhombic  lead 
monoxide#  Indeed,  the  systematic  absences  of  certain 
reflections  in  the  X-ray  pattern  of  some  uraninites  can  be 
explained  by  the  presence  of  monocellular  overgrowths  of  PbO 
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on  the  lattice  of  uraninite  (Berman*  1957)* 


3—  Presence  of  elements  in  substitution  for  uranium# 

Experimental  work  shows  that  UO2  forms  a  complete 
solid  solution  with  TI1O2  (Lambertson  e  t  a  l .  .  1953)*  CeU2 

(Frondel,  1958)*  PrC>2  (  Frondel*  1958)  and  partial  solid 
solution  with  CaO  (Alberman  ejt  aJL.  *  1951)*  ZrC>2  (Lausbertson 

and  Mueller*  1953)*  Y2O3  (Olds,  1961  )  and  Nd203  (Lang 
e  t  alt  1  1956)#  Th,  Ca  *  Ce,  Y,  Zr  and  Nd  are  thus  expected  to 

substitute  for  uranium  in  uraninites;  Other  rare-earths  will 
probably  enter  the  uraninite  lattice  also.  These  elements 
are  abundant  in  high  temperature  uraninites  (pegmatites)  but 
absent,  or  nearly  so,  in  low  temperature  uraninites  (veins 
and  sediments). 

Elements  such  as  Na*  Bi,  Zn,  Cu,  Mn,  £*  Al  and  Si 
have  been  reported  in  chemical  analyses;  but  they  might  be 
present  only  as  inclusions  or  veinlets,  particularly  in 
pitchblende  which  often  shows  fine  syneresis  cracks  filled 
by  •impurities*  such  as  quartz,  calcite*  hematite  and  galena 
( Gef f roy  and  Sarcia*  I960;  Frondel*  1958). 


Thoriani te  i s  the  Th 
the  formula  Th02 •  It  generally 
radiogenic  Pb. 


equivalent  of  uraninite 
contains  U*  REE  and 


with 


Compositions  ranging  from  UO2  to  Th02  have  been 
found  for  minerals  from  pegmatites;  the  name  uranothoriani te 
has  been  proposed  for  compositions  intermediate  between 


' 


/ 
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uraninite  and  thorianite  (Wells  £jt  »  1933). 


2-  HYDROUS  OXIDES 

Hydrated  uranium  oxides  are  hexavalent  uranium 
compounds,  and  have  no  naturally  occurring  thorium 
equivalents • 

Their  investigation  has  been  made  difficult  by 
their  degree  of  hydration  and  the  difficulties  of  obtaining 
crystals  of  reasonable  size.  As  a  result,  the  compositions 
and  structures  of  some  of  these  oxides  are  poorly  known. 

Cations  other  than  uranium  are  present  as  major 
constituents  in  many  of  the  species. 

Some  of  the  hydrated  oxides  may  be  grouped 
together  on  the  basis  of  structural  similarities.  They  are 
designated  here  as  the  f ourmar ier ite  group  which  comprises: 
agrinierite,  becquerelite,  blllielite,  c omprei gnac i t e ,  epi— 
ianthinite,  f ourmari er i te ,  masuyite,  schoepite, 
va ndendr i es sc  he i t e ,  me tavandendriesschei te ,  wo Isendo rf i te 
and,  probably,  bauranoite,  c alciouranoi te ,  and 
me taca lei ouranoi te. 

Rameauite,  roubaultite  curite  and  vande nbra nde i t e 
do  not  appear  to  be  mutually  related  nor  related  to  any  of 
the  other  hydrates. 

Clarkeite,  hyd rona s turan ,  richetite, 
ura no sp hae r i t e ,  and  urgite  are  i l l—def i ned .  Gummite  is  a 


■ 

' 


16 


generic  name  which  applies  to  the  alteration  products  of 
urani ni te • 

Efiprittftr.ier.i-tg  grpug 

Common  properties  of  the  minerals  gathered  in  this 
group  are  (Sobry,  1971;  Brasseur  and  Potdevin,  1960): 

—  crystallization  in  the  orthorhombic  system 

—  existence  of  a  pseudo— hexagona l  sublattice  with 
approximate  dimensions: 

a»  =  7.  06  X 
b»=4. 08  X 
c'  =  7.32  X 

—  small  2Vx  angle 

—  perfect  (001)  cleavage 

The  existence  of  a  pseudo— hexagonal  sublattice  for 
bauranoite  ca Ic i ourano i t e  and  metacalciouranoi te  is  not 
certain#  These  were  nevertheless  included  in  the 
fourmar i er i te  group  on  the  basis  of  similarities  with 
wolsendorf ite  (  Pogova  et  al.  i  1973)  and  general  agreement 
with  the  chemical  formulae  and  properties  of  the  minerals  of 
this  groupt  including  similarity  of  the  X-ray  patterns  (the 
ten  strongest  powder  lines  are  given  in  Rogova  e_£  al.*  (  1973) 
for  bauranoite  and  metacalci  ouranoi  te  and  in  Rogova  gjt  a  l  > 

(  1974  )  for  ca  lei ourano i t e •  ) 

Detailed  investigation  of  minerals  of  this  group 
and  some  synthetic  analogues  have  been  carried  out  by 
Brasseur  and  Potdevin  (  1960),  Christ  and  Clark  (1960)  and, 


“ 
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by  Sobry  (  1971,  1973  a,b)*  It  was  shown  that  divalent  and 

monovalent  cations  replace  water  continuously  in  the 
lattice*  The  following  formulae  were  deduced: 

mXO*  2U03 • (  4— 2m  )H20 

where  X  is  a  divalent  cation  and  m  ranges  from  0  to 
2,  and: 

mXOH • 2U03 •  (  4— 2m )H20 

where  X  is  a  monovalent  cation  and  ra  ranges  from  0 
to  2  • 

Erasseur  (  1962)  has  interpreted  this  replacement  of  water  by 
postulating  the  presence  of  oxonlum;  the  above  general 
formulae  thus  became  (Sobry,  1971): 

mX+  (  2-m  )(  H30  )♦[  2(  U02  )  (  2+ra  )0  (  2-m  )(  OH  )  ]2~ 
for  uranates  of  divalent  cations,  where  n  ranges  from  0  to 
2 ,  and : 

mX+  (  2-m  )(  H30  )+[  (  U02  )0(  OH  )  ]~ 

for  uranates  of  monovalent  cations,  where  m  ranges  from  0  to 
2  (Sobry,  1971)* 

The  presence  of  water  in  the  form  of  oxonium  and  hydroxyl 
ions  was  further  substantiated  by  Sobry  and  Rinne  (1973)  by 
means  of  NMH  powder  spectra* 

Of  this  group,  only  the  structure  of  becquerelite 
has  been  well  determined*  In  becquerelite,  uranyl  ions  are 
pen tacoordi na ted  to  oxygen  atoms  to  form  sheets  parallel  to 
(001  )•  The  water  of  hydration  is  located  between  the  (  001  ) 
layers*  Biellietite  is  i sost r uc t ura 1  with  the  above* 
(Courtois,  1968).  Similarly,  in  other  minerals  of  the 


' 
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fourmari eri te  group,  with  the  exception  of  masuyi te 
(U03*2H20)  the  uranyl  ion  is  probably  in  five-fold 
coordination  with  oxygen.  In  raasuyite,  it  appears  to  be  in 
six-fold  coordination  (Sobry,  1971,  1973b;  Christ  and  Clark, 

1960  ) 

01  hfir  .iiy^r-aled_uraaiutn_p.jci^es 

Curite  and  roubaultite  are  orthorhombic,  rameauite 
is  monoclinic  and  vanden brandi t e  is  triclinic. 

Courtois  (  196S  )  has  shown  that  the  lattice  of 
curite  is  dominated  by  sheets  parallel  to  (100).  These 
sheets  are  made  of  uranyl  ions  in  four  and  in  five-fold 
coordination  with  oxygen.  Th^  presence  of  oxonium  was  not 
de  mons  t  rated • 

Gummite 

The  term  gummite  is  often  used  for  any  fine¬ 
grained,  yellow  to  orange,  'uranium  coloured* 
mineralization.  It  is  not  a  mineral  but  a  suite  of 
alteration  products  which  follows,  more  or  less,  this 
sequence : 

1—  a  uraninite  ore 

2—  an  inner  zone  chiefly  formed  of  lead  uranyl  oxides, 
resulting  from  the  oxidation  of  uranium  and  its 
selective  leaching  relative  to  lead.  This 
constitutes  the  traditional  gummite. 

3—  an  outer  uranium  silicate  zone  formed  by  the 


■ 


{ 


■ 
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reaction  of  the  hydrated  oxides  with  meteoric  or 
possibly  hydrothermal  waters  carrying  silica  and 
calcium.  The  carbonate  ruther f ordine  is  sometimes 
admixed  with  the  silicates.  Thorium  and  rare— earthsj 
if  contained  in  the  original  uraninite»  are  usually 
wholly  removed  during  the  formation  of  the  silicates 
(Frondel,  1956). 

4—  a  fourth  zone  made  of  uranium  phosphates  may  also 
occur  (ProtaSf  1959). 


B.  MULTIPLE  OXIDES 


The  better  defined  uranium  and  thorium  multiple 
oxides  are  the  members  of  the  columblte  group  and  those  of 
the  pyrochlore  group.  Others  cannot  be  related  to  any  group 
of  minerals  of  essentially  non-radioactive  elements»  they 
are:  brannerite,  thoruti tet  kobeite,  zirkelite  and  davidite. 


Minerals  of  the  columbite  group  have  the  general 

formula : 


ab2o6 

where  A  is  mainly  occupied  by  Fe  and  Mn  in  variable 


proportionsf  but  Y»  Th  and  REE  may  be  present. 
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B  is  Nb  anc£  Ta  in  variable  proportions# 

All  are  orthorhombic#  Yttro tan talite  and  y ttrocolumbi te  are 
commonly  uranium  rich# 


Minerals  of  the  pyrochlore  group  have  the  general 


formula : 


AB206  (  F, OH  ) 

where  A  can  be  one  or  more  of  the  following:  Na,  Ca, 

Uf  Ba,  Pb; 

and  B  is  Nb*  Ta  and  Ti  in  variable  proportions# 

Names  given  to  the  different  varieties  of  the  pyrochlore 
group  are  listed  below  (  table  3  )•  Betaf i te ,  ta n ta lobe taf i t e 
and  t i t anobe taf i te  are  uranium  rich  varieties;  all  three  are 
commonly  designated  as  betaf ite.  Obruchevite,  tantalo^ 
obruchevite  and  titano-obruchevite  are  also  commonly 
uranium— rich • 

The  minerals  of  the  pyrochlore  group  crystallize 
in  the  cubic  system# 


Brannerite,  thorutite,  kobeite,  zirkelite  and 
davldite  are  generally  metamict#  For  identification  by  X-ray 
diffraction  they  have  to  be  recrystallized  at  temperatures 
between  900  and  1200*C#  Recrystallized  natural  brannerite 
and  thorutite  as  well  as  synthetic  polymorphs  have  been 
studied  by  Pasbt  (1954),  Ostunall  (1959),  Patchett  and 


- 


■ 
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Table  3* 

Var ie ti es  of 

pyrochlore,  from 

Troger  (  196  7  ), 

a:  b 

Nb 

Ta 

Ti 

Na+Ca 

pyrochlore 

micr ol i te 

t i t  anopy roc  hi or e 

>1  5  %U 

betaf it e 

tant alo- 

titan  o— 

betafi t  e 

bet af i t  e 

Y 

obruchevi t e 

tant  al o— 

ti  tano- 

obr uc  hevi te 

obruchevi te 

Ba( +Sr  ) 

pandai t  e 

rykeboer i te 

Pb 

Pb—  tn  icrolite 

Nuffield  (  1960  ),  Perez  y  Jorba  e t  al.  (1961),  Adler  and  Puig 
(1961),  and  Ruh  and  Wadsley  (1966);  kobeite  has  been  studied 
by  Hutton  (1957).  It  is  not  certain  whether  any  of  the 
various  structures  presented,  all  obtained  on  high 
temperature  phases,  correspond  to  the  naturally  occurring 
minerals  of  similar  composition  which  are  found  mostly  in 
low  temperature  environments  (at  any  rate,  lower  than 
1000*C)«  All  but  davidite  have  well-defined  chemical 
formulae • 


Q'—LKSP  N  AX  vX£g 

Because  many  uranium  arsenates  and  uranium 
phosphates  are  i sos t rue t ura l ,  the  phosphates  and  arsenates 
will  be  reviewed  as  a  single  class#  According  to  their 
composition  and  structure,  they  can  be  divided  into  three 


groups : 


' 
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—  the  so-called  uranium  micas  or  torbernite  group 

1—  phosph uranyl i te  group 

2—  rhabdophane  group. 

Other,  isolated  species  are:  coconinoite,  dumontite  and 
wa Ipurgi te • 

Uranium  micas 

The  uranium  micas  are  by  far  the  best  knovrn  uranyl 
minerals.  Comprehensive  studies  have  been  made  by  Ross  ejt 
•  (1964),  Ross  and  Evans  (1964,  1965),  and  Walenta  (1965a). 

The  micas  are  characterized  by  the  general 

f o  rrnuta : 

A+2(U02X04  )2  •  rvH2  O 

whe re  X  is  P  or  As  or  a  mixture  of  both, 

and  A  can  be  any  one  (  or  more)  of  the  following: 

Na2,  K2 ,  ( NH4  >2,  ( H302  ),  Mg,  Co,  Fe,  Cu,  Ba ,  U02  and 

( HA10. s  > 

All  are  tetragonal  with  perfect  (001)  cleavage,  hence  the 
name  'mica'.  They  also  have  significant  cation  exchange 
capacities.  Their  lattices  are  dominated  by  infinite  sheets 
of  ( UO2PO4  >22  or  ( UO2 ASO4  )j 2  parallel  to  (001).  These 
sheets  consist  of  uranyl  ions  coordinated  by  four  oxygen 
atoms  to  four  different  PO*3  (or  ASO43)  tetrahedra.  The 
sheets  are  puckered  with  uranyl  ions  displaced  upward  and 
downward  from  the  plane  of  the  P  or  As  atoms.  In  the  fully 


hydrated  species,  adjacent  sheets  are  related  to  each  other 


■ 
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by  a  mirror  plane  lying  halfway  between  the  uranyl  ions,  and 
perpendicular  to  the  c— axes,  thus  leaving  large  cavities 
between  the  sheets*  Translation  of  the  sheets  with  respect 
to  one  another  by  a  vector  (  1/2,  —1/2,  0)  reduces  the 

minimum  distance  between  them  and  accounts  for  the  loss  of 
water* 

The  dimensions  of  the  c— axes  typify  the  different 
species*  The  unit— cell  sizes  of  the  phosphates  are  smaller 
than  their  arsenate  equivalents*  Moreover,  the  c— axes  vary 
stepwise  with  the  amount  of  interlayered  water  and,  to  a 
lesser  extent,  with  the  interlayered  cations* 

The  exact  amount  of  water  for  every  species  is  not 
known  accurately  but  as  a  whole  it  can  be  related  to  the 
valencies  and  ionic  radii  of  the  cations*  According  to 
Walenta  (1965a),  the  water  contents  of  the  holohydrated 
phases  are: 

1—  10  to  12  for  divalent  cations  i*e* ,  12  for  the 

cations  of  small  ionic  radius  such  as  Cu,  Mg,  Fe  and 
Co;  10  for  cations  of  larger  radius  such  as  Ca  and 
Ba  • 

2—  6  for  monovalent  cations  of  large  ionic  radius  like 
K  and  NH 3 • 

These  generalisations  are  valid  for  both  arsenates  and 
phosphates  with  the  exception  of  barium  uranyl  phosphate 
which  hosts  12  water  molecules  per  unit  cell* 

The  nomenclature  of  uranium  micas  takes  account  of 


. 
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the  different  degrees  of  hydration  in  the  following  manner 
(Ross  and  Evans,  1965): 

1—  "If  only  one  hydrate  is  known,  no  prefix  or  Roman 
numeral  will  be  used  in  the  mineral  name". 

2—  "If  two  hydrates  are  known,  the  lower  hydrate  will 
have  the  prefix  "meta"  attached  to  the  mineral 
name" • 

3—  "If  three  or  more  hydrates  are  known,  the  highest 
hydrate  will  have  the  prefix  "meta"  attached  to  the 
name,  and  the  Roman  numerals  will  in  increasing 
order  designate  progressively  lower  hydratation 
states " • 

This  use  of  the  prefix  meta  extends  to  all  uranyl  minerals. 

Rhaodophane  group 

Among  uranium  minerals,  the  rhapdophane  group 
includes:  brockite,  grayite,  ningyoite  and  possibly  the  ill- 
defined  le rmontovite.  These  have  the  general  formula: 

APO  4 • nH2 

where  A  is  two  or  more  of  the  following:  Ca,  Th,  U, 
and  REE. 

Ningyoite  and  grayite  are  orthorhombic  l pseudo- 


hexagonal)  and  brockite  is  hexagonal  (like  rhapdophane) 
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P&ps.gb.arftpyi-.ilg..  Kfg.3iP 

This  group  comprises  four  structural  analogues* 
namely:  phosphuranyli te,  arsenuranyl i t e *  renardite  and 
bergenite.  They  are  orthorhombic  and  have  the  general 
formula : 

A+2(  uo2  )4(  XO*  )2(0H)MnH20 
where  X  is  either  P  or  As; 
and  A  is  Ca,  Ba  or  Pb* 


Qj  feens. 

Walpurgite  is  a  bismuth  uranyl  arsenate;  it 
crystallizes  in  the  triclinic  system*  Its  phosphorus 
analogue  has  been  described  but  not  named  (Soboleva  and 
Pudovkina,  1957)* 

Dumont ite  is  an  orthorhombic  lead  uranyl  phosphate 
and  coconinoite  is  an  iron-aluminium  uranyl  sulfo-phosphate, 
and  is  possibly  monoclinic* 


Bj— SILASAXES 


groups, 

1- 


The  silicate  minerals  comprise  two  important 
namely: 

thorite  group:  thorite,  coffinite,  and 


thorogummi te 


/ 


i 
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2—  uranophane  group:  uranophane,  ba r i um-ur anophan e , 
boltwoodite,  sodium— boltwoodite ,  sk 1 odowski te , 
cuproskl odowskit e  and  kasolite. 
in  addition  to  huttoni  te  and  jSruranophanei  which  are 
polymorphs  of  thorite  and  uranophane  respectively,  and  six 
other  species:  haiweelte,  me ta ha iwee i t e ,  ranquilite, 
soddyite,  ursi li te  and  weeksite. 

Thorite  group 

Minerals  of  the  thorite  group  are  tetragonal  and 
isos t rue tura l  with  zircon  (Fuchs  and  Hoestra,  1959).  They 
are  orthosilicates  with  the  general  formula: 

M+  4Si04 

where  M  can  be  one  or  more  of:  Th,  U,  Ca,  and  REE. 

The  M  cation  is  mainly  U  in  coffinite,  and  Th  in 
thorogummi te ;  Ca  and  REE  are  usually  also  present.  Both 
minerals  are  hydrous  due  to  the  replacement  of  part  of  the 
silica  by  hydroxyl,  thus  leading  to  the  formula: 

(  Th,  (J,Ca,  REE  )  (l-x)(Si04)  4x(  OH  ) 

Thorite  and  its  polymorph  hu ttonite  are  'pure*  thorium 
or tho si lica t es ;  huttonite  is  monoclinic  and  isostructural 


with  monazite. 
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Prgkagakftpg  ergae 

Minerals  of  this  group  have*  the  general  formula: 

A+2(  U02  )2(  Si03  )2(  OH  )2. 5H20 
where  A  can  be:  Caf  Ba  ,  Cu,  Pb ,  K2  or  Na2# 

They  are  monoclinic  or  perhaps  orthorhombic  in  the 
case  of  boltwo odite  and  metabo Itwoodi t e ;  they  exhibit 
perfect  (  100  )  cleavage# 

Their  structure  consists  of  chains  of  edge-shared 
(  UO*  )0s  dipyramids  and  SiC>4  tetrahedra#  The  chains  are 
cross-linked  by  corner  sharing  to  form  (U02Si04  )~  2  layers 
parallel  to  (  100  )«  Ca  ,  other  cations  and  water  are  located 
between  the  layers#  The  chain  structure  accounts  for  the 
common  acicular  habit  of  uranophane  and  its  analogues# 

^-uranophane  is  also  made  of  chain— nui It  layers 
(  U02Si0,j  )~2  but  the  uranium— oxygen  and  silica-oxygen 
polyhedra  are  oriented  differently  (Smith  and  Stohl,  1972)# 
It  is  not  known  what  natural  conditions  favour  the  formation 
of  £— uranophane  rather  than  uranophane# 

Olhfigg. 

Haiweeite  and  me ta ha i weei t e  have  essentially  the 
same  chemical  formula,  exept  that  me ta ha i wee i t e  is  less 
hydrated;  both  are  monoclinic# 

Ranqui lite,  soddyite,  ursilite  and  weeksite  are 
all  orthorhombic,  but  each  has  a  chemical  formula  which 
cannot  be  related  to  any  other  known  uranium  silicate. 


■ 

- 
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E.  CARBONATES 

All  uranium  carbonates,  except  wyartite,  contain 
uranium  as  the  uranyl  ion  and  all  but  sharpite  and 
rutherfordine  have  other  cations  than  uranium  and  carbon  as 
major  constituents*  On  the  basis  of  chemical  formulae,  one 
series  can  be  distinguished:  the  tricarbonates, 

Trjcarbonate  series 

This  series  is  characterized  by  the  general 

formula^ 

A2  +  U02(  C03  >3  .nH20 

where  A* 2  is  one  or  two  of  the  following:  Na2 ,  Ca, 
K2  or  Mg* 

Its  members  are:  andersonite,  bayleyite,  grimselite, 
liebigite,  rabbittite,  and  swartzite.  Structural  relations 
between  the  above  are  not  known*  Only  liebigite,  has  been 
the  subject  of  a  detailed  structural  analyses* 

Study  of  synthetic  liebigite  has  shown  it  to 
crystallize  in  the  orthorhombic  system*  Its  "structure 
consists  of  discrete  ( U02( CO3  )J4  complexes  in  which  three 
CO32  groups  lie  in  a  plane  perpendicular  to  the  linear  UO$2 
ion;  these  planes  are  all  nearly  parallel  to  (  100)  and 
tilted  about  45*  with  respect  to  C001)*  Calcium  ions  bond 
the  complexes  together  into  slablike  units  parallel  to 
(010),  between  which  water  molecules  are  packed"  (Appleman, 


1956)*  This  description  leaves  something  to  be  desired  since 


. 

■ 
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"planes  nearly  parallel  to  (100)  and  tilted  about  45"  with 
respect  to  (001)"  cannot  occur  in  the  orthorhombic  system* 


Qlfrexs- 

Rutherfcrdine  is  orthorhombic  and  consists  of 
layers  of  uranyl  ions  bonded  in  six-fold  coordination  with 
three  CO3  triangles*  It  is  anhydrous*  Wyartlte  is 
orthorhombic;  it  contains  both  tetra-  and  hexavalent 
uranium*  The  U6*:(U02)44  ratio  appears  to  alter  rapidly  in 
normal  P,T  conditions  (Clark,  I960)*  Zellerite  and 
me tazel ler i te  are  orthorhombic  calcium  dicarbonates* 
Voglite,  sharpite  and  studtite  are  ill— defined* 
Schroeckingerite  is  triciinic  and  commonly  exhibits  perfect 
•micaceous*  (001)  cleavage*  Its  water  content  is  variable 
(Smith,  1959). 


EjL...aHLEEAI£& 

In  the  past  many  names  have  been  proposed  to 
designate  uranium  sulfates  but  only  three  of  these 
substances  have  been  adequately  determined:  johannite, 
zippeite,  uranopilite  (and  possibly  me ta— uranopi l i te ) , 
(Frondel  1952).  Structural  data  on  these  minerals  are 
scarce*  On  ly  the  structure  of  johannite  has  been  described* 
Johannite  crystallizes  in  the  triclinic  system. 


. 


' 
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Uranyl  ions  are  pentacoordinated  and  sulfur  ions  are 
tetracoordinated.  Each  uranyl  is  bonded  to  three  oxygens 
from  different  sulfate  groups  and  each  sulfate  shares  oxygen 
atoms  with  three  uranyl  ions;  the  endless  chains  parallel  to 
(001),  are  apparently  linked  by  pairs  of  ( OH  )~  ions  shared 
between  two  uranyl  ions*  The  resulting  structure  consists  of 
infinite  sheets  parallel  to  (001  )  cross-linked  by  copper 
atoms  bonded  to  the  fourth  sulfate  oxygen  (Appleman,  1957)* 

For  some  time,  the  name  zippeite  was  applied  to  a 
number  of  hydrated  uranium  sulphates*  As  suggested  by 
Frondel  (1958),  the  name  zippeite  proper  is  restricted  to  a 
particular  mineral  from  Joac hi ras tha 1 ,  Bohemia,  which  is 
orthorhombic  and  has  the  composition!  2UO3.SO3.5H2O  or  near 
thereto  (Frondel,  1952  )* 

Analysis  of  material  from  the  type  locality  shows  calcium; 
the  content  from  six  analyses  ranges  from  0  to  4*13%  CaO 
(Frondel,  1958)*  This  might  be  attributed  to  contamination 
of  zippeite  by  gypsum* 

Uranopilite  is  monoclinic;  the  identity  of  a 
partly  dehydrated  species,  met a— uranop i 1 i t e ,  remains 
uncertain  (Frondel,  1952  )* 


■ 
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GjL-VAttADAlES 

Among  the  uranium  vanadates,  uvanite  and  rauvite 
are  ill— defined.  All  other  known  minerals  of  uranium  and 
vanadium  fall  into  the  carnotite  group. 

Carnotite  group 

This  group  is  characterized  by  the  general 

for  mu la: 

X*2(  U02 )2V208.nH20 

where  X  can  be  K2  ,  Ca,  Ba ,  Cu  or  (AlOH). 

Its  members  are  either  orthorhombic  or  monoclinic.  Their 
crystal  structures  are  krown  from  the  study  of  synthetic 
anhydrous  carnotite  and  its  cesium  analogue  by  Appleman  and 
Evans  (  1 965  )  • 

Each  vanadium  atom  is  surrounded  by  five  oxygen 
atoms  in  the  form  of  a  tetragonal  pyramid.  Pairs  of  such 
coordination  polyhedra,  with  their  apices  pointing  in 
opposite  directions,  share  an  edge  to  form  V2086 
'divanadete'  groups.  The  linear  uranyl  ion  is  also 
surrounded  by  five  oxygen  atoms  in  the  form  of  a  plane 
pentagon  which  shares  edges  with  adjacent  divanadate  groups 
and  uranyl  coordination  groups,  to  form  infinite  sheets  of 
[  (  U02 )2V2Oe  ]-2  parallel  to  (001).  The  sheets  are  linked 
together  by  potassium  or  other  cations  such  as  Cs  in  the 
synthetic  Cs— carnotite  or  Ca,  Ba ,  Cu,  and  (AlOH)  in  known 


' 

■ 
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minerals.  Water  molecules  are  located  between  the  [001  ] 
laye  rs  • 

Like  the  uranium  micas,  carnotite  and  its 
analogues  exhibit  perfect  [ 001 ]  cleavage  and  their  unit  cell 
dimension  in  the  z-direc  tion  is  related  to  the  number  of 
interlayered  water  molecules.  They  also  have  significant 
cation  exchange  capaci ties. 


Ha TELLUklTES 

Three  uranium  tellurites  have  been  described.  All 
are  from  the  Se-Au  deposits  of  Moctezuma,  Mexico.  In 
contrast  with  uranyl  minerals  of  other  classes,  the  known 
uranyl  tellurites  are  neither  hydrous  nor  hydrated. 

Moc t ezumi t e  is  a  monoclinic  lead  uranyl  tellurite. 

Sc hm i t  te ri t e  and  c 1 1 f  f ordl te  contain  only  uranium 
and  tellurium  as  major  cations.  The  former  crystallizes  in 
the  orthorhombic  system  and  the  Latter,  in  the  cubic  system. 
The  chemical  formula  proposed  initially  for  cliffordite  is 
(Gaines,  1969): 

UTe308 

where  both  uranium  and  tellurium  are  tetravalent. 

A  refinement  of  the  structure  ( Galy  and  Meunier,  1971)  shows 
that: 


UT3O9 


' 
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where  uranium  is  hexavalent  and  tellurium  tetravalent.  is 
more  appropriate. 

The  structure  of  cliffordite  consists  of 
dipyramids  of  hexaco  ordi  na  ted  uranyl  ions  linked  to  TeOf 
tetrahedra;  cationic  planes  of  ( Te+U  )  and  of  Te  alternate 
parallel  to  £l00]»  (  Galy  and  Meunier,  1971). 

In  schmi t ter it e »  the  uranyl  ions  are  coordinated 
to  five  oxygen  ions,  and  tellurium  is  bonded  to  four  oxygen 
ions.  The  pentagonal  dipyramids  ( UO7 )  are  linked  side  by 
side  to  form  [ n( UO5  )4~  ]  chains  elongated  in  the  (100) 
direction.  Tellurium  bonds  the  chains  in  the  (100)  plane. 
(Structural  data  are  from  Meunier  and  Galy  (  1973)  but  the 
crystallographic  axes  are  those  chosen  by  Gaines  (  1971  )  in 
reference  to  the  conventional  orthorhombic  cell). 
Schmitterite  exhibits  a  good  (100)  cleavage. 


I.  URANIUM-MOLYBDENUM  MINERALS 

Six  uranium-molybdenum  minerals  have  been 
reported.  Five  of  them,  sedovite,  mourite,  irlginite, 
umohoite  and  moluranite  contain  no  cations  other  than 
uranium  and  molybdenum,  calc urmolite  combines  calcium  with 
molybdenum  and  uranium. 

The  chemical  formulae  of  these  minerals  are 


difficult  to  ascertain  and.  except  for  umohoite.  they  are 
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i  1 l— def  Ined  •  The  difficulty  arises  from  the  coexistence  of 
multivalent  elements  namely  uranium  (+4, +6)  and  molybdenum 
( +5, +6 )  ;  their  oxidation  state  cannot  be  derived  from 
quantitative  chemical  analyses  because  it  is  not  known,  in 
most  cases,  how  essential  oxygen  present  as  0~ 2  and  possibly 
also  as  (  OH )— 1  is  shared  between  the  the  uranium  and 
molybdenum  cations* 

Deliens  (1975)  reported  a  ca  Ic ium— magnesium— 
uranium-molybdenum  mineral  which  might  be  a  new  species* 


J. .  ?el£MI1ES 

Four  uranium  selenites  have  been  described*  All 
were  found  in  the  oxidation  zone  of  the  Musonoi  Cu— Co 
deposit  in  Shaba,  Zaire* 

In  these  minerals,  water  and  cations  such  as  Ba, 
Cu,  and  Pb  occur  with  hexavalent  uranium  and  selenium.  The 
minerals  appear  structurally  unrelated  to  each  other  though 
three  of  them,  derricksite,  guilleminite  and  marthosite 
crystallize  in  the  orthorhombic  system;  demesmaekeri te  is 


trie li nic  * 
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CARBONACEOUS  MATERIALS 

The  materials  carburan,  sogrenite  and  thucholite 
are  not  minerals  but  uranium— rich  carbonaceous  matter  of 
indefinite  composition* 

These  substances  are  more  or  less  oxidized  and 
more  or  Less  polymerized  hydrocarbon*  Aside  from  the  major 
constituents,  carbon  and  uranium,  they  may  host  thorium,  REE 
and  vanadium  (Geffroy  and  Sarcia,  I960)*  In  particular  cases 
where  the  uranium  content  is  high*  microscopic  examination 
of  polished  section  permits  the  distinction  of  fine 
particles  of  uraninite  in  the  carbonaceous  matter  (Davidson 
and  Bowie,  1951;  Schidlowski ,  1966c).  Heavy  liquid 

separation  allowed  Nekrasova,  (1958)  to  recover  a  heavy 
fraction  which  yielded  an  X— ray  pattern  similar  to  that  of 
uraninite*  It  thus  appears  that,  in  most  cases,  uranium  in 
carbonaceous  matter  occurs  as  uraninite  rather  than  as  a 
uranium— carbon  complex* 

The  name  thucholite  is  mainly  used  for  material 
found  in  pegmatitlc  dykes;  it  contains  Th,  U,  C,  0  and  H* 
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Table  4*  List  of  uranium  minerals  (reference  number  and 
corresponding  author( s  )  are  listed  in  table  5)» 


Name 

Formula5!' 

References 

ARSENATES 

abernathyite 

K2(  U02  )2(  AsO*  )2  •  8 H2 O 

32,33,69 

arsenuranyli te 

Ca(  U02  )*(  AsO*  )2  •  6H2 O 

4 

ha 11 imondi te 

Pb2(  U02  )(  AsO*  )2 

84,85 

he inr ichi te 

Ba(  U02  )2(  AsO*  )2»  1 0— 1  2H2  O 

46 

hugel i te 

Pb2(  U02  )3(  AsO*  )2<  OH  )*3H20 

86 

ka hler ite 

Fe(  U02  )2(  AsO  4  )  2  •  nH2  O 

32 

me t ah e inr ichi te 

Ba(  UC2  )2(  As04  )2  •  8H2 O 

46 

me  t  a  ka  h  1  e  r  i  t  e 

Fe( U02  )2(  As04  )2 • 8H2 O 

82 

me takirche imeri te 

Co(  U02  )2(  As04  )2  •  8H20 

32,  83 

me  ta lodevi te 

Zn(  U02  )2(  As04  )2  •  1  0H2O 

2 

me  tan o vac  eki t e 

Mg(  U02  )2(  As04  )2  •  4  — 8H20 

82 

meta-uranospini te 

Ca(  UG2  )2(  As04  )2  •  8H20 

82 

me  tazeunerite 

Cu(  U02  )2(  As04  )2  •  8 H2 0 

32,33 

no vac  ek i te 

Mg(  U02  )2(  As04  )2*  12H20 

32,  33 

sodium— 
uranospini te 

(  Na2 »  Ca  )(  U02  )2(  AsO*  )2-5H20 

52 

troegeri te 

(  U02 )3( AsO*  )2 • 12H20 

32, 33,84 

uranospini te 

Ca(  U02  )2(  AsO*  )2  •  10H2O 

32,33,52 

wa Ipurgi te 

(  BiO  )4(  U02  )(  AsO*  )2  •  3H20 

32,  33 

zeun  er i te 

Cu(  U02  )2(  AsO*  )2  •  1  0—1  6H20 

32,38 

$  When  available ,  the  formulae  came  from  Fleischer  (1975) 


* 
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Table  4  cont'd 


CARBONATES 

andersoni te 

Na2Ca(  U02  )C03  )3»6H20 

32,33 

bayeley i te 

Mg2(U02  )(  C03  )3  *18H20 

32,  33 

dakeite 

synonym  of  schoeckingerite 

32 

dieter  ic  hi  te 

synonym  of  rutherl ordine 

32 

grimseli te 

K3  Na<  U02  )23 • H2  O 

86 

liebigi te 

Ca2U(  C03  )4* 10H20 

32,  33 

me  ke  Ive  i  te 

(  Na  j  Ca  )(  Ba,  YfU  ) 2  (  C 03  )  3  •  H  2  O 

24,  55 

met aze llerite 

Ca(  U02  )(  C03  )2  »3H20 

22 

neogas  tuni te 

synonym  of  sc hroecki ngeri te 

32 

ra  bb  i  1 1  i  te 

Ca3Mg3(  U02  )2(  C03  )6(  OH  )*•  18H2Q 

32,  33 

rut her for dine 

uo2( co3 ) 

32,33 

schroec  kingeri te 

NaCa3(U02  M  C03  )3( S04  )F* 10H2O 

75 

sharp! te 

(  uo2  )( co3  ) •  H2 0  (?) 

33 

swa r  tzi te 

CaMg(  U02  )(C03  )3*  12H20 

32,33 

vogli te 

Ca2Cu(  U02  )(  C03  )4  *6H20  (?) 

32 

wyarti te 

Ca3U+4(U02  ) 6 (  C03  )2(  OH  )16 

•3-5H20 

21 , 47 

ze iier i te 

Ca(  U02  )(C03  )2  •  5H2 O 

22,45 

HYDRATED  OXIDES 

agrinlerite 

( K2 ,Ca,Sr  )U30 1 o • 4H2  0 

16 

bauranoi te 

BaU  20 7 • 4—  5H  2  O 

66 

J 


. 
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Table  4  cont’d 


becque  re 11 te 

CaU601<9»llH2O 

20,32,33 

bi  111  et  ite 

BaU6Ol9«llH20 

20,32,33 

ca 1c louranoi te 

( Ca  j Ba  j  Pb  )U207*5H20 

67 

clarke i te 

(Na,Ca,Pb  )2U2(OfOH)7 

32,33 

compreignaclte 

K2U6Ot9*l ih2o 

64 

cur i te 

Pb2OsOi 7 • 4H2  0 

32,33 

epi-ianthi ni te 

variety  of  schoepite 

f our marl ei te 

PbU  4.0  1  3  •  4H20 

20,32,33 

hydronasturan 

U02 • 2 • 3—5  UO3 • 7H2  O 

41 

ianthini te 

uo2 -suc^ • 1 oh2o 

32,33 

ma  suy 1 te 

UO3  *2H20  ( ?  ) 

20,32,33 

me taca Iciouranoi te 

( Ca ,  Na , Ba ,  Pb  »  K  )U207*1»7H20 

66 

me  ta  — 

vandendriessche i t  e 

PbU7022«nH20 

20 

pa  rase ho  epi te 

variety  of  schoepite 

rameauite 

K2CaUeO  2  0 • 9H20 

16 

richetite 

hydrated  Pb,U  oxide 

32 

roubaul t i te 

Cu2( U02  )3< OH  )i 0*5H2O 

14 

sc  hoepi te 

UO3  *2H20 

20 

unnamed 

PbU207-nH20 

25 

uranosphaeri te 

Bi 2  U209 • 3  H2  O 

20 

urgi te 

UO3 •nH20 

46 

va  ndendrlesschei te 

PbU  7O  2  2 • 1 2fl20 

20 

vandenbrande 1 te 

Cu(  U02  )02  •  2 H2 O 

32,33 

wo Isendorf i te 

( Pb ,Ca )U207  *2H20 

63 

• 

- 


. 
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MOLYBDATES 
ca leurmoli te 
ir igini te 
mo  lure  ni  te 
mour i te 

sedovi t e 
umohoi te 

OXIDES 
absi t  e 
be  taf i t e 
branneri te 
broggerite 
cl evei te 
da  v  i  d  i  t  e 

fe rut i te 
gumnite 
kobe  i  t  e 
lo  doc  hn  i  ki  te 
obr uc  hevi t e 

parapi tchb lende 
pi tchb lende 


Ca(  U02  )3<  M0O4  )3(  OH  )2  •  1 1H20 

U(  M0O4  )2(  OH  )2  •  2H2  O 

U02  »3U03 • 7Mo03  *20H2O 

4( U6+02  )• 2Mo5  +  02 ( OH )2 
•Mo6+02( OH )2 
or  4(  U4^02  •5Mo6'*-02(  OH  )2 

U(  M0O4  )2 


71 

26,79 
26, 42,78 


74 


UG2  »Mo04 • 2—  4H20 


48,50 


synonym  of  brannerite 
(  Ca  ,  Na,  U  )  2(  Nb ,  Ta  )206(  OH  ) 
UTi 206 

synonym  of  uraninite 

synonym  of  uraninite 

(  U  ,  Fe2  ,Ca  ,  La  )6(  Ti  ,  Fe3  )l5 

( O , OH  )36 

synonym  of  davidite 

generic  terra 

(  Y,  U  H  Ti  ,  Nb  )2(  0,0H  )6 

synonym  of  brannerite 

(  Y,  Na  ,Ca,  U  )(  Nb,Ta  ,Ti  ,  Fe  )2 

( OtOH )7 

synonym  of  uraninite 
synonym  of  uraninite 


32,33,80 

32,33,62 


32,33 

42,  52 
30,32 
58 

42,62,78 

42,80 


• 

• 
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Table  4  cont*  d 


same  rskite 
sanj i  eresite 
thoriani te 
thorut i te 
uf er i te 
ul r ic  hi te 
uranini te 
ur a no thoriani te 
yt  trocolumbi te 
yttrotantalite 
zirconolite 
zi rkelite 


(  Y,  Ce  ,Uf  Ca,  Pb  )(  Nb,Ta,  Sn  )206  44,62 

synonym  of  betaf ite  (  ?)  43 

Th°  2  32,33 

( Th , U,Ca  )2Ti2( O, 0H)6  44,62 

synonym  of  davidite  42,78 

synonym  of  uraninite 

u°2  32,33 

variety  of  thorianite  32 

(  Y,  U,  Fe  )(  Nb,Ta  )Oe  53 

(  Y,  U,  Fe  )(  Ta,  Nb  )Oe  53 

synonym  of  zirkelite  65 

(  Ca,Th,  REE  )Zr(  Ti  ,  Nb  )207  65 


PHOSP HATES 
autuni te 
ba  ssetite 
bergenite 
br ock i te 
coconinoi te 

dew  in  d t i te 
dumont ite 
eylet terite 


Cat U02  )2(  PO4  )2«10  — 12H20  32,33 

Fe( U02  )2( P04  )2 *8H20  32,33 

Bat  UO 2  )  4(  PO ♦  )2(  OH  >4  •  8H20  8 

( Ca , Th,Ce  )P04 *2H20  29 

Fe2  Al  2(  U02  )(  PO4  )«(  SO4  )(OH  )2  87 

•20H2O 

synonym  of  renardite  (?)  32 

Pb2(  U02  )3(  PO*  )2(  OH  )4  •  3H20  32,33 

(  Th  o.  SAI3  m  5  )[  (  PO4  )(  Si  O4  )]2 

(OH)6  (?) 


81 


i 

•  v 

. 
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Table  4  cont'd 


gray! te 

( Th ,Pb,Ca  )PO*  -H20 

32,33 

le  rmon  tovi te 

(  U,Ca ,  REE  )3  PO*  «6H20 

42,78 

meta-ankolei te 

k2(  uo2  )2(  PO 4  ) 2 »6H20 

38 

me  t a-au tuni  te 

Ca(  U02  )2(  PO*  )2  *2  — 6H2 O 

32,33,68 

me tat orberni te 

Cu(  U02  )2(  PO*  )2«8H20 

32, 33,70 

me ta-uranoci rc i t e 

Ba(  U02  )2(  PO*  )2  *8H20 

32,33 

ni ngyoi te 

(  U,  Ca  ,Ce  )(  PO*  )2»1-2H20 

56 

parson i te 

Pb2 ( U02  )2(PO*  )2«H20 

32,33 

phosphurany 1 i te 

Ca(  UO  2  )2  (  PO*  )2*7H20 

32,333 

przheva Iski te 

Pb(  uo2  )2<  PO*  )  2  *4h2o 

42,78 

ps  eudoautuni te 

(  H3G  )*Ca2(  U02  )2(  PO*  )* -5H20  ? 

73 

renard 1 te 

Pb(  U02  )*(  PO*  )2(OH  )*  •  7H20 

32,33 

sabuga l i te 

HAU  U02  )*(  PO*  )*•  16H20 

32,  33 

sa  lee  ite 

Mg(  U02  )2(  PO*  )2  *8H20 

32 

sodium— autuni te 

Na 2 ( U02  )2( PO*  )2 • 8H20 

18 

torberni te 

Cu(  U02  )2(  PO*  )2  •S-12H20 

32,33 

unnamed 

Bi  *  (  U02  )2(  PO*  )2  •  3H2  O 

78 

unnamed 

(  U02  )3(  PO*  )2  •  12H20 

6 

ur amphi te 

(  NH*  )(  U02  )(  PPG*  )«H20 

57 

uranospha t i te 

Ca(  U02  )2(  AsO*  )2*  10H2O 

32,33 

SULFATES 

jo  hanni te 

Cut  U02  )2  (  SO  *  ) 2 1  OH  )2  •  6H2  O 

32,33 

pe ligot i te 

synonym  of  johannite  (?) 

32 

, 

- 

' 

* 

' 
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Table  4  cont'd 


uranopi li te 

(  U02  )6(  SO*  )(  OH  )10.12H20 

32,33 

zlppei te 

(  UO  2  )  2(  SO*  )(  OH  )2  •  4H2  O  (?) 

31,32,33 

SELEN ITES 

demesinaekerite 

Pb2Cu5(  U02  )  2(  Se03  )6(  OH  )6  *2H20 

12 

derriksite 

Cu*  (  U02  )(  Se03  )2(  OH  )3  *H20 

15 

gui lleminl te 

Ba(  U02  )3(  Se03  )2 (  OH  ) *  •  3H20 

60 

ma  rthozi te 

Cu(  U02  )3(  Se03  )3(  0H)2*7H20 

13 

SILICATES 

ba  rium-uranophan e 

Ba(  U02  )2(  Si03  )2(  0H)2*5H20 

5 

beta— uranophane 

Ca(  U02  )2(  SI207  )  •  6H20 

32, 33, 79 

bo  It wood i te 

K2(  U02  )2(  Si03  )2  (  OH  )  2  •  5H20 

49 

cheral ite 

synonym  of  uraninite 

co  ff  in ite 

U(  SiO*  )i_x(  OH  )*x 

32,33,34 

cuprosklodowski te 

Cu(  U02  )2Si207*6H20 

32,33 

gas  tuni te 

Ca, Pb  uranyl  silicate  (?) 

32 

ha iwee  ite 

Ca(  U02  )2Si6Oi  s  •  12H20 

50 

hut  toni t e 

ThSiO* 

31, 32 

ka  s  o  1  i  t  e 

Pb(  U02  )SiO*  «H20 

32,33 

la  p land i te 

Na*CeTiPS 17022-5H20 

27 

me  t a  ha iwee  ite 

C a (  U02  )2  SiftOj  5  *5H20 

54 

nenadkev i te 

synonym  of  coffinite  (?) 

61 

orl i te 

synonym  of  kasolite  (?) 

42,78 

• 

' 
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Table  4  contact 


ranqui l i te 

synonym  of  haiweeite 

1 

sklodowski te 

Mg(  U02  )2  Si207  •  6H2 O 

32,33 

soddyite 

(  U02  )5Si209*6H20 

32,  33 

sodium-boltwoodi te 

Na  2  (  U02  )2(  Si03  )2(  OH  )2»5H20 

19 

thorite 

ThS iO  4 

32,  33 

thorogummi te 

Th(  Si  O*  )x  _*<  OH  )4^ 

32 

umbozeri te 

Na3Sr4ThSi8(0,OH  )24 

28 

uranophane 

Ca(  U02  )2Si207»6H20 

31,32 

uranothori ni te 

variety  of  thorianite 

34 

urano t i le 

synonym  of  uranophane 

32 

ur si li te 

(  Ca  , Mg  )2(  U02  )2  Si  sOi  4 

•  9—1 0H2 0  (?) 

17 

weeks! te 

K2(  U02  )2Si5Oi  5  *4H20 

59 

TELLURITES 

clif fordite 

UTe  30  9 

36-39 

moc tezumi te 

Pb(  U02  )(  T e03  )2 

36,39 

sc  hmitteri te 

U02Te03 

35 

VANADATES 
ca  rno  t  i  -te 
cur ien ite 
francevillite 
f r i tzsc  he ite 


K2(  U02  )2(  V04  )2*3H20  32,33 

Pb(  UO  2  )  2(  VO  4  )2*5H20  11 

(  Ba  ,Pb  )(  U02  )2(  V04  )2  *5H20  32,33 

Mn(  U02  )2(  V04  )2  -1  0H2O 


32 


. 


V 
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Table  4  cont'd 


me  t  a  t yuy aminite 
me  tavanura Lite 
rauvi te 
sengi erite 
s t re Iki ni te 
tyuyamuni te 
u  v  a  n  i  t  e 
va  nura l i te 
vanuranyli te 


Ca<  U02  )2<  VO 4  )2  •3  — 5H2 O 

Al(U02  )2(V04  )2(  OH  )»8H20 

Ca (  UO 2  )2V i qOj  8 • 16H20 

Cu(  U02  )2(  VO 4  )2  *8—  10H2O 

Na2  (  U02  )2  (  V04  )2  •  6H2  O 

Ca(  U02  )2(  VO4  )2-5-8H20 

U2v6021 «1 5H20 

Al(  U02  )2(  VO*  )2(  OH  )•  1  1H20 

[(HsOJiBajCajK]!  -  6 

(  U02  )2(  VO4  )2  *4H20  (?) 


32,33 

10 

32, 33 1 

32,33 

3 

32,  33 
32,33 
7,10 
9 


CARBONACEOUS  COMPOUNDS 
ca  rburan#* 
sogrenlte** 
thucho l i te** 


40 

38,  78 
23,7  2 


##  Not  a  mineral  name 
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Table  5.  Numbers  and  corresponding  reference  for  table  4 


1  Abledo  e_t  al.(  I960  i 

2  Agrinier  et  sJL.(  1972) 

3  Alekseeva  £t  aid  1  9  74  ) 

4  Belova  (  1958a  ) 

5  Belova  (1859b) 

6  Belova  sJL.(  1963) 

7  Branche  £t.  &l.(  1963  ) 

8  Bulteman  and  Moh  (1959) 

9  Burynova  g_t  fiJL.(  1965) 

10  Cesbron  (  1970  ) 

11  Cesbron  and  Morin  (  1968) 

12  Cesbron  ejt  al.(1965) 

13  Cesbron  al.(  1969  ) 

14  Cesbron  &l.(  1970  ) 

15  Cesbron  al.(  1971  ) 

16  Cesbron  ejt  al_.(  1972) 

17  Chernikov  (1957) 

18  Chernikov  et  al*(  19  57) 

19  Chernikov  el  a±.(1975) 

20  Christ  and  Clark  (1960) 

21  Clark  (  1960 ) 

22  Coleman  a!  &l..(  1966) 

23  Davidson  and  Bowie  ( 1951 ) 

24  Desautels  (  1967 ) 

25  Emerson  and  Wright  (1957) 

26  Epshtein  (1959) 

27  Eskova  et  &l_.(  1974) 

28  Eskova  slI  al.il  974 ) 


47  Gulllemin  and  Protas  (1959) 

48  Hamilton  and  Kerr  (1959) 

49  Honea(  1961  ) 

50  Kamhi  (  1959  ) 

51  Kopchenova  gl  a l .  (  19  62  ) 

52  Kopchenova  and 
Skvortsova  (  1957  ) 

53  Lima  de  Faria  (1958) 

54  McBurney  and  Murdoch  (1969) 

55  Milton  e_t  al,(  1965) 

56  Muto  el  al .(  1959 ) 

57  Nekrasova  ( 1957 ) 

58  Hutton  (  1957  ) 

59  Outerbridge  el  al. (  I960  ) 

60  Pierrot  e_t  al  .  (  1965  ) 

61  Polikarpova  (1957) 

62  Povitailis  (1963) 

63  Protas  (  1959  ) 

64  Protas(  1964  ) 

65  Pudovkina  el  s,.l.(  1974  ) 

66  Rogova  el  aJL.(  1973  ) 

67  Rogova  el  al .  (  1974  > 

68  Ross  (  1963  ) 

69  Ross  and  Evans  ( 1964) 

70  Ross  el  al . ( 1964 ) 

71  Rupnitskaya  (1958) 

72  Schidlowski  (1966c) 

73  Sergeev  (  1964  ) 


29  Fisher  and  Me yrowitz(  1962 

30  Frondel  (  1952  ) 

31  Frondel  (1956) 

32  Frondel  (1958) 

33  Frondel  el  ai*(1956) 

34  Fuchs  and  Gebert  (1958) 

35  Gaines  (  1965 ) 

36  Gaines  ( 1969) 

37  Gaines  (  1971  ) 

38  Gal lather  and 
Atkin  (  1966  ) 

39  Galy  and  Meunier  (1971) 

40  Geffrey  and  Sarcia  (1960) 

41  Getseva  (  1956  ) 


)74  Skvortsova  and 
Sidorenko  (  1965) 

75  Smith  (  1959  ) 

76  Smith  and  Marienko  (1971) 

77  Smith  and  Stohl  (1972) 

78  Soboleva  and 
Pudovkina  (1957) 

79  Stephenson  (  1964) 

80  Troger  (  1967  ) 

81  Van  Wambecke  (  1972) 

82  Walenta  (  1958a  ) 

83  Walenta  (  1958b  ) 

84  Walenta  (  1965b  ) 

85  Walenta  (  1972 ) 


42  Getseva  and  86  Walenta  and 

Savel'va  (1956)  Wimmennauer  (1961) 

43  Gorzhevskaya  ejt  &i..(  1965  )  87  Young  ej_  a l .  (  1 966  ) 

44  Gotman  and  Khapaev  (1958) 

45  Granger  (  1963  ) 

46  Gross  and  Corey  (  1958) 


' 


■ 
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CHAPTER  III 


PREVIOUS  WORK 


In  the  analysis  of  uranium  and  thorium  minerals, 
the  electron  niicroprobe  has  been  used  mostly  in  qualitative 
studies  such  as  identification,  distribution  of  the  various 
constituents  of  a  phase  and  for  the  determination  of 
approximate  ratios  of  elements  present.  Examples  of  such 
applications  are  given  by  Agrinier  et  a l.  (1972);  Barthel 
and  Mehnert  (  1970);  Cesbron  et  &_l.  (  1972  );  Frenzel  et  al. 

(  1 975  ) ,  Kleykamp  (  1973),  Ram  do  hr  e  t  a l .  (  1965);  Schidlowski 
(1966  a,b,c);  Van  Warobecke  (1972);  and  Walenta  (1972). 
Quantitative  analyses  have  been  reported  by  Ferris  and  Ruud 
(1971)  and  by  Steacy  e_t  ,§JL.  (  1974  )  for  brannerite  and  by 

Grandstaff  (  1974  }  and  Morton  and  Sassano  (  1972  )  for 
uraninite.  Ferris  and  Ruud  (1971)  corrected  their  analytical 
data  for  matrix  effects  using  semi-empirical  factors 
developed  by  Ziebold  and  Ogilvie  (1966),  but  they  did  not 
state  what  emission  line  they  have  used  for  uranium.  Steacy 
et  a  l .  (  1974  )  gave  no  information  about  emission  lines  or 

corrections.  Grandstaff  (1974)  used  M-emission  lines  for 
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uranium  and  thorium,  but  made  no  mention  of  corrections  for 
matrix  effects.  Morton  and  Sassano  (1972)  used  uranium  M- 
lines,  but  also  gave  little  information  regarding 
co  rrec  t i ons • 

Other  applications  of  the  electron  microprobe  in 
the  study  of  uranium  compounds  are  found  in  the  field  of 
metallurgy  where  it  is  mainly  used  to  study  migration 
phenomena  (for  example;  Adda  e±  ,  I960:  Adda  e±  al. , 

1961;  Alcock  and  Grieveson,  1961).  Binary  systems,  however, 
have  been  analysed  quantitatively  with  success  by  Buchner 
(1973  ),  Colby  (  1964)  and  Kirianenko  g_t  al.  (  1963).  Buchner 
(1973)  and  Colby  (1964)  established  calibration  curves 
relating  average  atomic  number  and  beam  current  to  probe 
current  ratios.  The  determination  of  this  ratio  for  an 
unknown  allowed  them  to  deduce  its  average  atomic  number  and 
hence  the  proportions  of  its  constituents.  This  approach  is 
only  viable  with  binary  compounds  of  very  different  atomic 
number.  Kirianenko  e  t  ft l •  (  1963)  applied  the  conventional 
*ZAF«  corrections  as  suggested  by  Castaing  (1951,1960)  and 
Castaing  and  Deschamps  (1955)  for  L3  and  M4  emission  Lines. 
Good  results  were  thus  obtained  for  binary  alloys  but  no 
attempts  have  been  made  to  test  and  to  apply  this  method 
with  uranium  minerals. 

A  survey  of  the  geological  literature  indicates 
that  investigations  of  uranium  and  thorium  minerals  are 
generaly  performed  on  separate  fractions  by  X-ray 
diffraction,  differential  thermal  analysis,  wet  chemistry 


■ 


. 
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andf  for  uranium  and  thorium  exclusively,  by  Yray— 
spectrometry,  neutron  activation  and  track-etch  procedures. 


CHAPTER  IV 


ANALYTICAL  APPROACH 


Before  undertaking  the  analysis  of  uranium 
minerals  with  the  electron  microprobe,  certain  problems  need 
to  be  considered: 

A*  location  of  grains  for  analysis 
B.  instrumentation 

C*  stability  of  the  minerals  beneath  the  electron 


beam 

D.  selection  of  suitable  X-ray  emission  lines 

E.  corrections  for  matrix  effects 

F.  presence  of  water  and  hydroxyl  ions 
G«  choice  of  standards 

H.  operating  conditions 


49 
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— LO£A.TIQfl  OF  GRAINS  FOR  AN^f.YSr.Q 

Uranium  and  thorium  minerals  usually  make  up  only 
a  small  proportion  of  a  rock,  occurring  as  sparsely 
disseminated  grains  in  a  matrix  of  other  minerals.  To  obtain 
polished  thin  sections  containing  these  trace  minerals, 
areas  of  high  radioactivity  were  selected  by  means  of 
autoradiography.  Autoradiographs  were  acquired  by  pressing 
slices  of  rock  for  12  to  24  hours  against  a  strip  of  Ilford 
Industrial  G  X— ray  diffraction  film.  Autoradiographs  of  the 
polished  thin  sections  were  also  acquired  first  by  the 
technique  outlined  above  and  when  it  became  available,  by 
radioluxography  (Dooley,  1976).  The  latter  requires  shorter 
exposure  (about  15  minutes  for  uraninite).  The  polished  thin 
sections  were  then  studied  under  reflected  and  transmitted 
light,  and  physically  suitable  radioactive  grains  were 
selected  for  analysis.  It  should  be  noted  that  transmitted 
light  observations  usually  exaggerate  the  size  of 
rad i oac  tive  grains,  the  reason  being  that  they  are  commonly 
surrounded  by  a  zone  of  radiation  damage  which  may  be  opaque 
like  the  radioactive  grains  themselves.  Photographs  of 
selected  grains  were  taken  in  reflected  light  (  x40  )  and  used 
as  maps  during  the  analyses  to  avoid  time  consuming  searches 
in  relocating  grains. 
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ih — INSTRUMENTATION 

The  instrument  used  is  an  Applied  Research 
Laboratories  (ARL-EMX)  electron  microprobe  with  three 
wavelength  dispersive  spectrometers  (ffDS),  and  an  Ortec 
16200)  energy  dispersive  spectrometer  (EDS).  One  WDS  with  a 
RbAP  crystal  was  used  for  light  elements.  The  other  two  were 
used  for  heavier  elements  with  EDDT,  LIF  and  ADP  crystals. 

Results  were  at  various  times  acquired  on  punched 
cards,  cassette  tapes  or  via  typewriter  print-outs. 

Even  though  both  wavelength  dispersive  and  energy 
dispersive  spectrometers  were  available,  the  latter  was  not 
used  for  quantitative  analysis  because  it  has  poor 
resolution  relative  to  the  first  (about  two  orders  of 
magnitude  difference).  Problems  of  overlap  and  interference 
would  be  more  important  when  using  EDS;  for  example,  L-lines 
of  the  various  rare-earth  elements  would  overlap  one 
an  o the  r • 


CJ._&XAtLLLIXX-.Q£_MUm_RALS.  BENEATH  THE  ELECTRON  BEAM 

Many  of  the  uranium  minerals  are  hydrous.  DTA  data 
(Ambartsumian,  1957)  on  some  hexavalent  uranium  minerals 
indicate  a  first  endothermic  peak  in  the  range  of  100*  to 
200*C.  Thus,  it  can  be  anticipated  that  such  minerals  will 
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be  easily  degraded  in  the  vacuum  chamber  by  the  electron 
beam.  Degradation  of  the  specimen  is  manifested  by  a  slight 
increase  in  X-ray  intensity  for  major  elements  as  the  water 
is  driven  off.  This  change  of  intensity  is  usually  of  the 
order  of  5%  and  follows  the  pattern  illustrated  by  a 
uranophane  specimen  in  figure  1.  Darkening  of  the  analysed 
areas  is  also  visible  for  most  of  the  hexavalent  uranium 
minerals  analysed.  Degradation  effects  are  minimized  by 
keeping  the  power  in  the  beam  as  low  as  possible  while 
retaining  sufficent  Intensity  for  analysis;  by  sweeping  the 
beam  over  a  small  area  of  the  sample  during  analysis;  by 
def ocusslng  the  beam  to  about  a  diameter  of  20  microns;  and 
whenever  possible,  by  moving  the  sample  continuously  during 
ana lys is. 

Lead  is  commonly  present  in  older  uranium  and 
thorium  minerals  as  a  result  of  radioactive  decay  process. 
This  lead  is  *  out  of  place*  in  the  minerals,  is  weakly 
bonded,  and  can  be  readily  mobilized  under  the  electron 
beam.  For  example,  lead  in  a  uraninite  sample  was  driven 
away  from  the  area  of  beam  impact  when  attempting  to  analyse 
for  uranium  using  an  operating  voltage  of  20  kV  and  25  kV; 
probe  current  of  10-6A;  beam  diameter  of  10-20  microns.  The 
effect  was  not  observed  when  proceeding  as  outlined  above 
for  the  hydrous  minerals. 


' 


< - Time  in  minutes 


Figure  1.  Variation  with  time  of  uranium  count  rate  of 
ft  -uranophane  specimen  under  a  focussed  electron  beam. 
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D-.  _  SUITABLE  X-RAY-EMISSION  LINES 

Wi-th  elements  of  high  atomic  number  two  sets  of 
lines  may  be  used  namely:  L—  and  M-lines*  As  a  general  rule, 
the  line  of  highest  intensity  is  chosen.  The  L-lines  of 
uranium  and  thorium  have  too  high  an  energy  to  be  diffracted 
by  the  commonly  available  analysing  crystals  as  first  order 
radiation.  Also,  they  require  a  high  operating  voltage  (at 
least  25  kV  )  combined  with  a  probe  current  of  at  least 
10-7A,  incompatible  with  the  analysis  of  minerals  which 
degrade  easily  beneath  the  beam.  These  problems  are  avoided 
by  using  M— lines,  which  require  a  lower  voltage  to  excite 
them,  can  be  measured  as  first  order  radiations,  and  give 
satisfactory  intensities  at  suitable  probe  current. 

Di ssadvan tages  from  M— lines  arise,  however,  from 
interference  between  uranium  and  thorium  lines  and  between 
uranium  and  potassium  lines  as  illustrated  in  figure  2. 
Interference  between  uranium  and  thorium  is  minimized  by 
using  Th-Ma  and  U— M/9;  a  correction  factor  to  subtract  the 
minor  thorium  contribution  from  the  uranium  M/9  peak  has  been 
established.  For  the  instrument  and  crystals  used,  !.•£•» 

EDDT  for  uranium  and  ADP  for  thorium,  the  contribution  of 
thorium  to  uranium  M/?  is  equal  to  1.62%  of  the  intensity  of 
the  thorium  Ma  measured  at  the  peak  centre.  When  potassium 
is  present  (as  in  carnotite)  U— Ma 

When  using  wavelength  dispersive  spectrometers, 


another  reason  for  prefering  U-M/9  is  the  greater  efficiency 


■ 


■ 
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13  14  1.5  1.6  1.7  1.8  1.9 


Figure  2.  Partial  spectra  for  uranium,  thorium,  and  potassium  at  15  kV. 
Recorded  by  wavelength  spectrometry. 
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of  the  Ar-filled  detector  for  the  U-M/?  radiation.  In  the 
sealed  proportional  counter  used,  the  critical  excitation 
energy  for  Ar-K  is  Just  exceeded  by  the  energy  of  U-M/9  line, 
whereas  the  U-Mcr  line  lies  on  the  low  energy  side  of  the  Ai — 
K  edge.  Hence  U-M0  is  much  more  strongly  absorbed  than  the 
U-Ma  by  argon.  This  feature  is  well  illustrated  in  figure  2, 
where  the  width  of  U-M0  peak  clearly  indicates  its  greater 
recorded  intensity. 

Background  reading  positions  were  usually  taken 
0.005  X1  away  from  the  peak  position.  These  settings  were 

altered  whenever  they  corresponded  to  other  lines  present  in 
the  spectra. 


£2 — CORRECTIONS  FOR  MATRIX  EFFECTS 

Quantitative  microprobe  analysis  requires 
correction  of  the  analytical  data  for  matrix  effect.  These 
corrections  take  into  account  the  effects  of  absorption  (A) 
atomic  number  (Z)  and  of  fluorescence  (F)  by  characteristic 
and  continuum  radiations.  At  the  present  time,  application 
of  the  corrections  to  commonly  analysed  minerals  usually 
results  in  about  one  order  of  magnitude  reduction  of  the 


This  is  measured  on  a  LiF  geared  spectrometer  calibrated 
in  wavelength  of  the  radiation  which  is  diffracted. 
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error  which  would  otherwise  remain.  Particularly  in  the 
determination  of  compounds  of  high  average  atomic  number, 
the  corrections  may  be  substantial.  They  are  commonly 
applied  as: 

1—  alpha  factors,  or  as 

2-  comprehensive  ■ZAF*  corrections. 


1-  ALPHA  FACTORS 

These  are  determined  either  theoretically  through 
comprehensive  'ZAF'  calculations  for  hypothetical  compounds 
or  experimentally  by  comparing  the  intensities  of  simple 
compounds,  ideally  comparing  a  metal  with  its  oxide  (Bence 
and  Albee,  1968;  Albee  and  Ray,  1970). 

2-  COMPREHENSIVE  *  ZAF*  CORRECTIONS 

These  are  carried  out  through  iterative 
applications  of  a  set  of  equations,  some  theoretical,  some 
empirical.  Considerable  uncertainties  surround  the  M-line 
parameters  used  in  these  corrections,  in  particular  the  mass 
absorption  coefficients  and  the  fluorescence  yields. 

The  comprehensive  •ZAF*  corrections  were  preferred 


to  the  alpha-factors  because  the  latter  could  not  be 


L  _ 
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obtained  experimentally  since  suitable  standards  were 
lacking.  Neither  could  they  be  determined  theoretically,  as 
the  accuracy  of  the  1 Z AF '  corrections  first  needed  to  be 
verified • 

Very  few  computer  programmes  are  capable  of 
applying  the  full  matrix  corrections  when  M-emission  lines 
are  involved.  COR-2  ( Hence  et  &l . ,  1973)  and  FEPAC 

(Springer,  1976a)  will  perform  such  calculations.  COR-2  was 
used  when  this  work  was  initiated,  because  it  was  the  only 
one  available,  but  later,  results  obtained  through  both 
programmes  were  compared  for  some  of  the  analyses. 

Corrections  applied  by  both  programmes  have  been 
summarized  by  Springer  (1976a)  for  FEPAC,  and  by  Heinrich 
(  1  «_73  )  for  COR- 2  •  In  brief,  the  following  are  used: 

Atgmjc  number  corrections: 

1-  backscatter  factor 

FEPAC:  polynomial  expression  after  Duncumb  (1973;  private 
communication,  in  Heinrich  (1973)) 

COR-2:  polynomial  expression  from  Duncumb  (1973;  private 
communication,  in  Heinrich  (1973)) 

2-  mean  ionization  potential 

FEPAC:  after  Berg er  and  Seltzer  (  1964  ) 

COR— 2. :  after  Berger  and  Seltzer  (  1964) 

3-  stopping  power 

FEPAC:  abbreviated  (Poole  and  Thomas,  1962)  form  of  the 
penetration  function  with  a  mean  value  for  the  electron 


ene  rgy • 
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COR-2:  after  Bethe  ££  &A«  (1938) 

Absorption  corrections: 

1—  method 

FEPAC:  after  Heinrich  and  Yakowitz  (1975) 

COR-2:  after  Philibert  (1963) 

2—  absorption  coefficients 

FEPAC:  after  Heinrich  (1966),  computed  from  polynomials 
according  to  Springer  and  Nolan  (1976) 

COR— 2:  after  Heinrich  (1966) 

3—  emission  and  critical  absorption  energies 

FEPAC:  computed  from  polynomials  after  Springer  and  Nolan 
(  1976  ) 

COR— 2:  after  Bearden  (1967) 

Characteristic  fluorescence: 

1-  method 

FEPAC:  after  Reed  (1965) 

COR-2:  modified  version  of  Reed  (1965) 

2—  fluorescence  yields 

FEPAC:  after  Colby  as  described  by  Springer  (  1976b) 

COR-2:  measured  values  (probably  after  Fink  &!• 

(  1966  )  ) 

3~*  absortion  efficiency  factors 

FEPAC:  after  Colby  as  described  by  Springer  (1976b) 

COR-2:  after  Philibert  (1963) 


... 


J 


- 


60 


Contj  pum.  fluorescence: 

FEPAC:  as  described  by  Springer  (1976b) 
COR-2:  after  Henoc  (1968) 


Application  of  the  cori 

FEPAC:  re-iteration  according  to 
described  by  Springer  (1976c) 


COR— 22  modified  version  of  Criss 


the  Wegstein  method 


and  Birks  (1966)* 


Discrepancies  in  the  results  calculated  by  these 
two  programmes  will  arise  not  only  from  the  difference  in 
the  basic  equations  used  for  the  ZAF  corrections,  but  also, 
from  the  procedures  of  application  of  these  corrections  and 
from  the  use  of  different  sets  of  parameters* 

Modifications  were  made  to  adapt  COR-2,  which  was 
written  for  a  UNTVAC  system,  first  to  the  IBM  360/67,  and 

then  to  the  AMDAHL  computer  now  in  use  at  the  University  of 
Alberta • 

More  significant  modifications,  discussed  below, 
dealt  with  the  permanent  data  file.  The  data  file  used  is 
listed  in  appendix  I* 

Elugregqgnge  .yje. jda..find  gogter-Kronifi  coefficients 

Fluorescence  yields  and  Cos t e r-Kroni g  coefficients 
were  upda  ted  using  the  *  best  values*  suggested  by  Bambynek 
(  1972)*  Where  these  parameters  were  not  available,  a 


■ 
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value  was  determined  by  interpolation  from  neighbouring 
elements.  Both  fluorescence  yields  and  Coster-Kronig 
coefficients  are  used  to  determine  primary  intensities  and 
to  correct  for  fluorescence  by  characteristic  and  continuum 
radiations  (Coster-Kronig  coefficients  are  limited  to 
L-  lines  ). 

Mass  absorption  coefficients 

Mass  absorption  coefficients  are  used  in  the 
corrections  for  both  absorption  and  fluorescence  effects, 
COR— 2  utilized  the  mass  absorption  coefficients  defined  by 
Heinrich  (1966).  The  mess  absorption  coefficient  for  a 
particular  element  increases  smoothly  with  increasing 
wavelength  except  at  absorption  edges  where  it  drops 
sharply.  On  the  low  energy  side  of  absorption  edges  the  mass 
absorption  coefficient  is  calculated  as  a  function  of  the 
mass  absorption  coefficient  on  the  high  energy  side  by  using 
the  'absorption  Jump  ratio*.  Mass  absorption  coefficients 
and  Jump  ratios  are  known  for  wavelengths  shorter  than  Mi 
edges.  For  wavelengths  longer  than  Mi  edges,  data  are 
scarce,  and  experiasental  and  calculated  values  do  not  agree 
wi th  each  other  at  all  well.  Hence ,  mass  absorption 

f  f  ic  ients  (  and  J  um  p  ratios)  in  this  region  are  only  rough 
approximations.  No  data  between  M4  and  M5  edges  are 
available  nor  are  there  any  data  covering  the  region  between 
and  beyond  N  edges.  These  uncertainties  and  omissions  affect 


the  corrections  fort 
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absorption  of  sodium  K-emission  Lines  by  uranium  and 
thorium  in  the  N  region, 

-  fluorescence  of  sodium,  magnesium,  aluminium, 
silicon,  phosphorus,  sulfur  and  chlorine  K- 
radiations  by  uranium  and  thorium  M-lines. 

For  our  purpose  we  have  determined  empirical  jump 
ratios  at  the  M4  and  M5  edges  of  uranium  and  thorium.  A 
first  approximation  of  the  jump  ratios  was  obtained  through 
the  analysis  of  a  uranium-silicon  alloy  (U3Si).  Analyses 
were  performed  at  operating  voltages  of  15  kV  and  20  kV. 
Uranium  and  silicon  were  analysed  simultaneously  against 
uranium  oxide  and  silicon  metal  respectively.  The  'ZAP* 
corrections  were  applied  to  the  data  using  a  range  of  values 
for  M4  and  M5  jump  ratios.  The  best  value  was  assumed  to  be 
the  one  which  yielded  si  ici  la  r  results  for  both  voltages. 
Results  are  listed  in  table  6.  Figure  3  illustrates  the 
variation  of  the  computed  compositions  with  hypothetical 
absorption  jump  ratios.  The  stoichiometric  composition  of 
the  alloy  is,  in  weight  percentages:  U:96.22;  Si:3.78.  Our 

results  for  operating  voltages  of  15  and  20  kV  are  in 
agreement  as  U. 9  5. 01 J  S i  : 3 • 5  0  (weight  pe  rc  e  n  t a  ge  s )  using 
absorption  jump  ratios  of  1550. 

Possible  causes  for  the  discrepancy  between 
experimental  and  stoichiometric  compositions  are: 


■ 
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Figure  3.  Variation  of  the  apparent  silicon  concentration  in  lT3Si 
with  jump  ratio  (rRf). 
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Table  6.  Composition  of  U3Si  in  weight  percentages*  Results 
from  electron  microprobe  analysis  at  15  kV  and  20  kV  are 
given  for  various  hypothetical  U-M4  and  U-Ms  absorption  Jump 
ra  t  i  o  s  • 


R 

kV 

%  U 

%  Si 

1400 

15 

95.23 

3.86 

1400 

20 

95.31 

3.  95 

1450 

15 

94.81 

3.73 

1450 

20 

95.29 

3.  78 

1500 

15 

94.80 

3.61 

1500 

20 

95.26 

3.  63 

15f>0_ 

X5_ 

£4-7.8 

155 o_ 

2JL_ 

£ 

1600 

15 

94.77 

3.  42 

1600 

20 

95.22 

3.37 

1650 

15 

94.76 

3.33 

1650 

20 

95.20 

3.  26 

1700 

15 

94.76 

3.  25 

1700 

20 

95.19 

3.  16 

stoichiometric  composition 

96.22 

3.78 

1~  The  presence  of  U3Si2  in  the  analysed  or  excited 

volume;  the  two  phases  U3Si  and  U3Si2  coexist  in  our 
sample,  with  an  average  grain  size  of  10  microns. 
Oxidation  of  the  alloys  no  information  concerning 
the  oxidation  of  (J3Si  in  air  at  room  temperature 
could  be  found,  but  this  alloy  is  known  to  develop  a 
uranium  oxide  coating  (U3O0)  when  heated  at  350*C  in 
air  (Feraday,  1971).  Oxidation  could  have  occurred 
during  polishing  or  subsequent  handling* 

3-  Inaccurate  corrections:  it  is  not,  at  this  stage, 
possible  to  judge  the  validity  of  the  corrections 
applied. 

Our  standards,  uranium  oxide  and  silicon  unetal  are  stable 


• 

• 

under  the  analytical  conditions  employed  and  do  not  alter 
between  or  during  manipulations.  Their  compositions  have 
been  well  determined.  Hence  they  are  unlikely  sources  of 
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error • 

The  validity  of  our  empirical  factors  was  farther 
checked  through  analysis  of  uranium  glasses  of  known 
composi tion  (  tables  8,  and  9  )•  Similar  factors  were  used  for 
thorium;  they  were  tested  through  analysis  of  thorium 
glasses  (  taoles  8 )  and  9  )•  Results  for  these  glasses  are 
discussed  in  a  following  chapter.  Suffices  it  to  say  at  this 
juncture  that  agreement  between  theoretical  and  experimental 
compositions  is  satisfactory.  It  should  be  kept  in  mind 
though  that  M4  and  M5  absorption  jump  ratios  of  1550  for 
uranium  and  thorium  may  not  be  of  any  absolute  significance; 
they  are  simply  empirical  factors  valid  for  microprobe 
analysis  with  an  operating  voltage  of  15  kV  to  20  kV. 

We  had  no  means  of  defining  an  empirical 
absorption  jump  ratio  for  uranium  at  the  Ni  edge,  although 
this  would  be  required  for  the  analysis  of  sodium.  Such 
factors,  however,  would  be  determinable  through  the  analysis 
of  uranium  and  sodium-bearing  compounds  of  known 


compo  si tion . 
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PRE^EESg.  OF  WATER  AND  HYDSOXYL  IONS 

Water  and  OH  cannot  be  determined  directly  by  the 
electron  raicroprobe,  but  their  presence  affects  the  *ZAF* 
corrections.  Their  presence  is  reflected  in  the  average 
atooiic  number  (  Z  )  of  minerals  and  consequently  in  the 
fraction  of  electrons  backsc a t ter ed  during  analysis. 
Estimation  of  the  average  atomic  number  as  a  function  of 
backseat tered  electrons  was  envisaged.  Two  types  of  function 
are  possible: 

1-  the  first  relates  the  amount  of  backseat tered 
electrons  of  a  finite  energy  and  constant  angLe  to 

z; 

2—  the  second,  relates  the  total  amount  of 
backseat te red  electrons  to  Z. 

We  were  not  equipped  to  effect  the  measurements 
required  by  the  first  type  of  calibration,  but  values  for 
the  second  type  can  be  acquired  by  measuring  the  sample 
current  to  probe  current  ratio  (SC:PC;  t 

1  backscattered  electrons).  A  calibration  curve  was  thus 
established  by  plotting  atomic  number  for  pure  elements 
against  the  sample  current  to  probe  current  ratios  (fig.  4). 
This  relationship  was  tested  for  simple  compounds. 

The  average  atomic  number  of  compounds  can  be 
calculated  in  a  number  of  ways  (  Buchner,  1973  ): 

Z  =  sum  of:  Cw • Z  (  1  ) 


/ 
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Figure  4.  Relationship  between  the  atomic  number  of  pure  elements  and 
their  sample  current/probe  current  ratio. 


Figure  5.  Relationship  between  the  average  atomic  number  of  compounds 
and  their  sample  current  ./probe  current  ratio.  The  average  atomic  numbers 
were  calculated  using  equations  1,  2,  and  3  (see  text).  The  curve  is 
that  of  figure  4. 
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Z  =  sura  of:  Ca»Z  (2) 

Z  =  sum  of:  Ca«Z2  (3) 

where  .  Z  —  average  atomic  number  of  a  compound} 

Z  —  atomic  number  of  each  element  involved} 

Cw  =  weight  proportion  of  the  constituents; 

Ca  =  atomic  proportion  of  the  constituents. 

When  Z  is  calculated  on  the  basis  of  atomic 

proportions  (equation  2  and  3),  the  presence  of  light 
elements  has  a  noticeable  effect,  while  when  it  is 
calculated  on  the  basis  of  weight  proportions  (equation  1) 
the  effect  of  light  elements  becomes  minor.  Buchner  (  1973) 
was  successful  in  using  equation  (3)  to  estimate  the  average 
atomic  number  of  binary  alloys  and  hence,  in  deducing  the 
proportions  of  their  constituents. 

To  determine  which  of  the  three  equations  applies 
to  our  calibration  curve  the  SC : PC  was  measured  for  a  number 
of  simple  compounds  and  their  experimental  1  value  deduced 
from  the  calibration  curve  (fig.  5).  These  experimental  Z 
values  agree  best  with  their  theoretical  homologues  obtained 
from  equation  1,  i«e«,  when  weight  proportions  are  used 
(table  7).  Thus  the  presence  of  water  and  hydroxyl  ions 
modifies  Z  only  slightly  and  its  effect  on  the  'Z* 
corrections  will  not  be  critical. 

For  most  uranium  minerals,  Z  plots  in  the  second 
half  of  the  calibration  curve  where  the  slope  is  low  i..£., 
variations  in  SC:PC  ratios  vary  only  slightly  with  Z.  Hence, 


' 
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Table  7.  Average  atomic  number  for  some  simple  compounds!  Zo 
was  obtained  experimentally  from  figure  5;  ,  Z2  and  Z3 

were  calculated  respectively  from  the  equations  1,  2  and  3 

( see  text  )  • 


compound 

Si02 
A1  2O3 
AlSiOs 
FeS  2 
CuFeS2 
CoS 
ZnS 
NiS 

Nis6. 4“F e43#  7 
FeS 
Fe2  O3 
Fe  AsS 

Ni 8  8 . 3  ~F  e 1 0.6 
Ni 5. 1 “Fe  9  4 .9 

Ni 6  2 . 8"Fe37 _ 2 
Sb2S3 

PbS  ( synthetic  ) 
PbS  ( galena ) 
U02.! 

U3Si 


Zo 

Zi 

11.5 

10.8 

13.  0 

1  0.6 

12.  0 

10.7 

22.  0 

20.  6 

25.  0 

23.8 

26.  0 

22.8 

27.  0 

25.4 

27.  5 

23.4 

29.  0 

27.1 

30.  0 

22.2 

30.  5 

20.6 

31.0 

27.3 

31.  5 

27.8 

32.  0 

26.1 

32.  5 

27.2 

40.  5 

41.1 

71.0 

73.2 

73.  0 

73.2 

75.  0 

81.6 

91.0 

89.0 

z2 

Z3 

10.0 

10.4 

10.0 

10.2 

10.0 

10.3 

19.3 

19.9 

22.0 

22.8 

21 . 1 

21 . 8 

24.0 

25.  0 

21.6 

22.4 

27.1 

27. 1 

20.8 

21 . 4 

15.3 

17.6 

25.0 

26.0 

27.8 

27. 8 

26.1 

26. 1 

27.2 

27.2 

30.0 

34.6 

49.0 

59.  1 

49.0 

59.  1 

35.  1 

52.7 

72.5 

80.0 

this  curve  cannot  be  used  to  estimate  the  amount  of  water 
and  hydroxyl  ion  present.  This  amount  must  be  calculated  by 
difference  from  the  corrected  data  after  oxygen  has  been 
added  in  stoichiometric  proportions# 
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& i-STAMDARP£ 

Ideally,  pure  homogeneous  stable  uranium  and 
thorium  minerals  or  compounds  are  desirable,  however,  such 
are  not  available.  Acquisition  and  synthesis  of  standards  is 
di scussed  in  the  following  chapter. 


ILa — QEE£A.T_IN_C»  CONDITIONS 

Operating  conditions  used  are  briefly  listed 
below,  A  more  complete  outline  of  suggestions  for  the 
analysis  of  uranium,  thorium,  and  commonly  associated 
elements  is  given  in  appendix  II, 

Samples  and  standards  were  carbon-coated  to  ensure 
conductivity.  Constituents  of  the  selected  grains  were 
identified  using  the  energy  dispersive  spectrometer. 

In  brief  ,  the  following  operating  conditions  were 
employed  for  quantitative  analysis: 

-  Operating  voltage  :  15  kV 

-  Aperture  current  :  1*10~ 6  A 

-  Beam  diameter  :  1  to  20  microns 

-  Dispersing  crystal  for  uranium  Ma  and  lines: 

EDDT 

-  Dispersing  crystal  for  thorium  Mcr  line  :  ADP 

-  Counting  period  (per  point,  or  area)  :  50 


' 
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seconds,  integrated  aperture  current  monitored 
con  ti nuously. 

The  choice  of  crystals  v/as  dominated  by  the  crystals 
avai lable • 

Readings  were  acquired  in  the  following  sequence: 

-  upper  background  on  samples  and  then  on 

standards:  five  counting  periods  ( totalling  250 
sec  ) 

~  peak  on  samples  and  then  on  standards:  ten 
counting  periods  (totalling  500  sec) 
lower  background  on  standards  and  then  on 
samples:  five  counting  periods  (totalling  250 
sec  )  • 

Correc  tions  for  fluctuation  of  the  probe  current 
were  applied  PC:  AC  ratios  were  measured  every  hour  or 

so  and  all  results  were  normalised  to  a  constant  probe 


current 


CHAPTER  V 


STANDARDS 


a^_sja_ndard  MATERIALS 

% 

1.  GENERALITIES 

Standard  materials  containing  uranium,  thorium  and 
other  commonly  associated  elements  are  required  for  two 
purpose  s : 

1  -  as  analytical  standards; 

2  -  as  reference  materials  to  test  the  analytical 

approach  and  to  define  some  parameters  involved  in 
the  correction  factors  (such  as  the  absorption 
coefficients  for  uranium  M  and  N  lines). 

Standard  materials  ought  to  meet  the  following 

criteria: 

homogeneity:  the  electron  microprobe  results  must  be 
representative  of  the  specimen* s  composition  as 
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previously  determined  by  independent  techniques; 

2—  accurately  known  composition; 

3—  stability  under  the  electron  beam* 

Ideally,  standards  and  specimens  should  have  similar 
compositions.  When  this  is  the  case,  correction  factors  for 
both  standards  and  specimens  are  similar  and  hence,  tend  to 
cancel  out,  thus  minimizing  the  effect  of  inaccurately  known 
factors.  In  this  respect,  uranium  minerals  are  particularly 
exacting  as  they  show  a  wide  variety  of  compositions  and 
average  atomic  numbers.  Thorium  minerals  are  less  demanding. 
Their  range  of  composition  is  more  limited  and  all  have  high 
average  atomic  numbers. 

Five  categories  of  material  were  considered: 

1-  pure  metals 

2-  simple  compounds  such  as  oxides 

3-  alloys 

4-  glasses 

5-  minerals. 

Their  properties  and  availability  are  discussed  next. 


Pure  metals 

Uranium  and  thorium  metals  comply  with  the 
criteria  aforementioned  criteria  but  they  oxidize  rapidly  in 
air  at  room  temperature  (Elston,  I960;  Flahaut  1963).  It  was 
noted  that  they  develop  an  oxide  coating  within  a  week  when 
kept  in  a  vacuum  desslcator.  Because  it  is  tedious  and 
undesirable  to  repolish  standards  before  use,  uranium  and 
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thorium  metals  do  not  constitute  good,  practical  standards. 

Simple  compound^ 

Uranium  and  thorium  dioxide  and  lead  sulfide  meet 
the  aforementioned  criteria  and  can  easily  be  obtained.  They 
have  high  average  atomic  numbers  similar  to  thorium  and 
te  trava lent  uranium  minerals.  Sintered  uranium  and  thorium 
oxides  were  made  available  respectively  by  the  A.E.C.L.  and 
by  Dr  K.  Norrish  (C.S.I.R.O.  ,  Adelaide,  Australia).  Galena, 
already  available  in  the  University  of  Alberta  microprobe 
laboratory,  was  used  as  a  lead  sulfide  standard. 

Alloys 

Many  alloys  would  be  stable  under  the  electron 
beam  but  their  composition  is  difficult  to  establish  for  our 
purpose.  Alloy  specimens  are  often  made  of  fine-grained 
phases,  each  having  the  same  constituents  but  in  different 
proportions.  These  phases  may  be  difficult  to  distinguish  on 
well  polished  carbon  coated  surfaces.  Most  uranium  and 
thorium  alloys,  like  uranium  and  thorium  oxides,  have  high 
average  atomic  number.  Hence,  they  would  constitute  good 
standards  for  the  analysis  of  minerals  such  as  uraninite  and 
thorianite,  which  also  have  high  average  atomic  number. 
However,  standards  of  lower  average  atomic  number  would  be 
better  for  analysis  of  hexavalent  uranium  minerals. 
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A  review  of  the  literature  on  uranium—  and 
thorium-bearing  glasses  yielded  little  information  relevant 
to  our  purposes,  since  most  glasses  described  contained  less 
than  1  wt%  of  the  elements  concerned.  However,  indications 
that  glasses  containing  as  much  as  50  wt%  uranium  oxide  can 
be  produced  were  given  by  Chakrabarty  (1969);  Heynes  and 
Rawson  (1961);  Wirkus  and  Wilder  (1960b,  1961,  1962)  and  by 

Wilder  £t.  aj.,  (1963),  At  first,  glasses  seemed  to  promise  an 
elegant  source  for  standards  as  their  composition  could  be 
pre-established  at  will.  Homogeneity  and  stability  under  the 
electron  beam,  however,  appeared  unpredictable. 

Six  glasses  were  kindly  provided  by  J.A.T,  Smellie 
(Institute  of  Geological  Sciences,  Grays  Inn  Road,  London) 
but  two  of  them  proved  to  be  inhomogeneous.  Compositions  for 
the  remaining  four  (A,B,D,E)  are  given  in  table  8,  The 
author  synthesized  four  satisfactory  glasses  ( 11,12,13,15) 
and  their  compositions  are  given  in  table  9,  Their 
preparation  is  discussed  further  in  the  second  part  of  the 
present  chapter.  Glasses  containing  rare— earths  were  also 
available  in  the  microprobe  laboratory  (Drake  and  Weill, 


1972  ). 
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Table  8.  Theoretical  composition  of  glasses  A,B,D  and  E  in 
weight  percentages  (Sinellie  e_t  al.  ,  1978  ), 


glass 

A 

B 

D 

E 

Si02 

41.95 

40.  08 

42.01 

39.91 

A 1 2O3 

31.04 

30.  08 

31.00 

29 . 96 

CaO 

26.  08 

25.  05 

25.98 

24.97 

Th02 

— 

— 

1.01 

5.17 

u3o0 

0.92 

4.  78 

— 

To  tal 

99.99 

99.  99 

100.00 

100.01 

Table  9,  Theoretical  composition  of  glasses  11,12,13  and  15 
in  weight  percentages# 


glass 

11 

12 

13 

15 

MgO 

7.44 

7.41 

7.40 

4.60 

Al  2C3 

29.82 

29.63 

29.55 

28.52 

Si02 

37.12 

37.03 

37  .07 

35.62 

CaO 

7.47 

7.42 

7.42 

7.11 

V2O5 

— 

— 

— 

2.15 

Ti  02 

— 

— 

— 

4.19 

Zr02 

— 

2.46 

— 

Th02 

— 

8.  02 

18.54 

uo2 

18.  17 

8.  03 

— 

17.82 

Total 

100.00 

100. 00 

99.98 

100.01 

Minerals 

The  stability  of  uranium  and  thorium  minerals 
under  the  electron  beam  was  discussed  in  a  previous  chapter. 
Compositions  of  thorium  and  tetravalent  uranium  minerals  are 
difficult  to  ascertain  on  the  micron  scale  because  these 
minerals  are  often  zoned  (  e.g.  allanlte),  or  crossed  by 
synereeis  cracks  (e.g.  uraninite ).  Moreover,  they  are  often 
characterized  by  complex  chemistry.  Computer  reduction  of 
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microprobe  data  from  such  minerals  is  thus  long  and  costly. 
For  these  reasons  they  should  not  be  used  as  standards  in 
the  analysis  of  simple  compounds  (such  as  many  hexavalent 
uranium  minerals). 

Although  minerals  do  not  appear  to  be  suitable  for 
analytical  standards,  some  well  characterized  minerals  would 
be  ideal  materials  to  test  the  validity  of  our  analytical 
approach.  Two  such  samples,  namely  euxenite  and  davidlte 
were  kindly  provided  by  Smellie  (tables  19  and  21). 

Other  specimens  were  available  in  the  collections 
of  the  University  of  Alberta  Mineral  Museum,  although  their 
identification  was  often  found  to  be  in  error  when  they  were 
examined  with  the  microprobe.  Physically  suitable  specimens 
were  selected  and  their  identifications  were  checked  by  X— 
ray  powder  diffraction  and  by  qualitative  electron 
microprobe  analysis.  Finally  their  compositions  were  assumed 
to  be  stoichiometric.  Identified  specimens  used  in  testing 
the  analytical  approach  are:  carnotite,  sabugalite, 
soddyite,  me ta-autuni te,  urano thori ani t e ,  thorogummite  and 
/?— uranopha  ne  •  For  other  elements,  a  collection  of  well 
c ha r ac t e r ize d  standards  of  common  rock  forming  minerals  was 
also  available  in  the  microprobe  laboratory  of  the 
Department  of  Geology.  In  general,  these  are  uranium-  and 
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2.  STANDARD  MATERIALS 


Materials  finally  selected  as  analytical 


standards 


are  summarized  in  table  10. 


Table  10*  List  of  elements  analysed  and  corresponding 
standards.  Less  frequently  used  standards  are  in 
pa  rent  he  si  s. 


El ement 

S  tandard 

U 

UO2.1t  (glass-11) 

Th 

ThC>2 t  (glass-13) 

Pb 

PbS,  ( Pb  metal) 

REE 

glass  es 

Mg , A l , S i , Ca 

common  minerals,  (glasses  11,13) 

P ,  Ca 

Ca2P2C>7,  apatite 

elements  with 

Z  =  10  to  56 

common  minerals 

B—  GLASSFS 


The  synthesis  of  glasses  containing  uranium, 
thorium,  and  other  commonly  associated  elements  was 
envisaged  with  topes  of  obtaining  standards  with  as  much  as 
50  wt%  UOg ,  such  as  is  present  in  many  of  the  uranyl 


mi ne  ra Is 
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1.  PREVIOUS  WORK 

In  the  literature  uranium  bearing  glasses  has 
stemmed  mainly  from  three  interests: 

1  *“  the  use  of  uranium  as  a  colouring  agent; 
the  study  of  diffusion  phenomena; 

3-  the  fabrication  of  nuclear  fuel  materials. 

Literature  concerning  the  first  two  fields  is 
abundant  but  deals  only  with  glasses  containing  small 
amounts  of  uranium,  rarely  above  1  wt%.  Literature  on  the 
fabrication  of  glasses  as  possible  nuclear  fuel  materials  is 

very  scarce  but  deals  with  higher  uranium  contents  (up  to  60 
wt%  U02  )• 

^ i rkus  and  Wilder  (1960a)  have  discussed  the 
principles  involved  in  forming  glasses  containing  uranium. 
From  their  work  it  appears  that  seven  oxides  are  likely  to 
act  as  glass  formers.  They  are:  B203  ,  Si02,  Ge02,  P2Os, 
As203,  As2Os,  and  Sb203.  Theoretical  considerations,  such  as 
neutron  poisoning  capacities,  permit  the  elimination  of 
^*2^3  i  Ge02  ,  As203 ,  As2Os  and  Sb203  for  nuclear-fuel 
applications,  leaving  only  P2Os  and  Si02.  For  our  purpose  we 
have  not  investigated  phosphorus— based  glasses  because 
phosphorus— rich  compounds  are  likely  to  deteriorate  under 
the  electron  beam  under  normal  analytical  conditions 
(operating  voltage  :  15  kV;  probe  current  :  0.1*10~6  A). 

Systems  known  to  form  silica  based  uranium— rich  glasses  are 
listed  in  table  12.  Wi rkus  and  Wilder  (1960b)  have  studied 
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the  limit  of  composition  within  which  glass  formation  occurs 
in  combination  with  uranium  oxide,  silica  and  various 
intermediate  agents  (although  not  glass-formers,  the 
intermediate  agents  can  act  as  and/or  replace  part  of  the 
glass— formers  in  glass  frameworks)*  The  systems  known  to 
form  silica-bases  glasses  listed  in  table  11  were  submitted 
to  a  maximum  temperature  of  1250*C*  They  concluded  that 
"*..  uranium  glasses  containing  up  to  45  wt%  U02  ,  present  as 
an  integral  part  of  the  structure  can  be  prepared*  Forty 
percent  or  more  silica  is  required  in  these  glasses  to 
provide  the  glassy  framework*  The  remainders  of  the  glass 
formula  should  consist  of  modifers  such  as  Na20  and  CaO 
and/or  intermediates  such  as  Ti02.  Alumina  is  a  suitable 
intermediate  also  in  the  absence  of  Ti02"*  The  studies  of 
Heynes  and  Rawson  (1961)  dealt  with  higher  temperatures 
(1800  C  maximum)*  Their  results  on  the  limits  of  composition 
of  silica  based  uranium  glasses  are  compatible  with  those  of 
Wirkus  and  Wilders  ( 1960b)*  More  recent  work  on  the  Si02— 
Na20-U02  systems  as  been  carried  out  by  Chakrabarty  (1969) 
who  synthesized  glasses  at  temperatures  ranging  from  850*C 
to  1260*C;  high  sodium  content  (10  to  45.5  wt%  Na20)  leads 
to  low  melting  temperatures* 
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Table  11,  Systems  yielding  homogeneous  uranium-silica- 
glasses  with  their  maximum  uranium  dioxide  content  in  weight 
percentage  and  reference  work. 


System 

uo2 

reference 

U02-Si02-Na20-Ti 02 

45 

Wirkus  and  Wilder,  1960b. 

UO2-SiO2-Al2O3-Ca0-TiO2 

16 

11 

U02-Si02-Al203-Ca0-Na20-K20 

6 

u 

U02-Si02-Ce0-Na20-Ti02 

38 

11 

U02— Si02— Al203— CaO— Na2  O 

41 

11 

U02— Si02— Al  203— Na20 

36 

11 

U02— Si 02— CaO— U02 — Zr02 

31 

11 

U02-Si02-Ca0-Na20-Y203 

35 

— 

U02-Si02-C aO— N a  2  O—  Y  2  O  3 

38 

11 

UG2  — Si O  2— Na  2  O— Ti 02-Pb0 

31 

11 

UO 2—  Si O 2— Al  203  — B e.O 

40 

Heynes  and  Rawson,  1961 

UO  2  — S  i O  2— Al 203-MgO 

50 

11 

U02— Si 02— Al 203— Zr02 

40 

11 

U02-Si02-Al203-Th02 

40 

11 

U02— Si02— Al 203— Th02 

60 

11 

U02-Si02-Mg0-Th02 

50 

ii 

UO  2  — Si 02— Na  20 

52 

Chakrabarty,  1969 

2.  CONSTRAINTS 


In  attempt  to  synthesize  glasses  we  had  to  take 
the  following  points  into  account: 

1  -  the  preparation  must  include  a  glass-former  in 

sufficient  amount; 

2  -  enough  material  must  be  prepared  to  check  for  the 

presence  and  extent  of  possible  compositional 
gradients; 

3  -  the  availability  of  heating  equipment  bearing  in 

mind  the  refractory  properties  of  uranium  and 


t  h o  r i um  oxides 
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Glass- formers 

As  previously  mentioned,  the  only  data  we  have 
found  dealt  with  silica-  and  phosphorus— based  uranium 
glasses*  Phosphorus  was  considered  unsuitable  of  electron 
microprobe  standards*  The  other  possible  glass- formers 
mentioned  by  Wirkus  and  Wilder  (1960)  were  discarded  because 
we  preferred  using  already  known  systems*  In  addition, 
antimony  and  arsenic  would  have  posed  problems  regarding 
their  final  oxidation  state*  Boron  cannot  be  analysed  with 
the  equipment  we. were  to  use  and  finally,  germanium  is 
relatively  expensive* 


Gomposi tional 

These  could  arise  through  contamination  from  the 
containers  and  through  evaporation*  A  composition  gradient 
in  the  sample  can  easily  be  detected  with  the  microprobe* 
Slices  of  the  samples  were  made  into  polished  sections.  The 
polished  sections  contained  part  of  the  crucible  and 
adjacent  glass*  Line  scanning  was  caried  out  (with  the 
electron  microprobe)  across  the  section  from  bottom  to  top 
and  side  to  side  of  the  glass  slice,  while  simultaneously 
recording  the  variations  in  intensity  for  three  elements. 
Differences  in  composition  between  the  initial  and  final 
product  can  only  be  measured  by  independent  methods*  Ten 
gramme  loads  were  considered  sufficient  because  they 
provided  enough  material  for  wet  chemical  analysis  and  also 


because  in  such  a  volume  contamination  by  the  container 
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might  affect  only  the  border  of  the  glass.  This,  of  course, 
supposes  that  the  silica-based  glass  is  highly  viscous  and 
does  not  mix  rapidly  in  the  molten  state. 

Heating  equipment 

Ten  gramme  loads  can  be  heated  in  induction  or 
mulf le  furnaces.  An  induction  furnace  was  occasionally 
available  at  the  Department  of  Physics.  It  was  installed  for 
use  in  vacuum  with  a  graphite  crucible.  For  use  in  air,  it 
would  have  been  necessary  to  install  an  iridium  susceptor  of 
adequate  shape.  This  would  have  been  costly  and  difficult  to 
obtain.  The  muffle  furnaces  were  equipped  for  use  in  a 
normal  atmosphere  only.  The  muffle  furnaces  were  preferred 
to  induction  furnaces  to  avoid  possible  reduction  of  uranium 
or  other  constituents.  At  first  an  M-fllue  • Rad-O-Glow* 
muffle  furnace  with  a  maximum  temperature  of  1460*C  was 
used.  At  a  later  stage,  a  Deltech  *DT-31*  muffle  furnace 
capable  of  reaching  a  temperature  of  1700*C  became 
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3,  COMPOSITION 

In  our*  first  attempts,  we  tried  compositions 
studied  by  Wirkus  and  Wilder  (1960b)  but  our  results  were 
unsatisfactory  due  to  high  contents  of  sodium,  titanium,  and 
zirconium  oxides#  Sodium-rich  glasses  ( >8  wt%  NajO  )  were 
unstable  under  the  electron  beam,  and  titanium-and 
zirconium-rich  mixtures  (>10  wtft  Ti02,  >10  wt%  Zr02  )  reacted 
with  both  ALUNDUM®  and  recrystallized  alumina  crucibles  in 
the  molten  state#  When  a  higher  temperature  furnace  (1700*C) 
became  available,  sodium-free  and  low-titanium  and  zirconium 
mixtures  were  prepared.  Phase  diagrams  for  systems  combining 
the  glass  constituents  considered  were  studied.  In 
attempting  to  keep  the  melting  temperatures  of  the  mixtures 
to  a  minimum,  the  constituents  of  this  mixtures  were 
combined  in  proportions  close  to  those  of  the  eutetic 
compositions  of  relevant  systems. 

Because  of  the  high  temperatures  involved  and  the 
narrow  fields  of  composition-yielding  glasses  (Wirkus  and 
Wilder,  1960b;  Heynes  and  Rawson  1961),  only  four  specimens 


were  thus  obtained. 
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4.  SOURCE  MATERIALS  AND  PREPARATION 

materials 

The  source  materials  are:  Si02f  Al203,  CaC03, 

Na 2 CO3  *  MgC03f  Ti02»  Zr02»  V2Os,  Th02  and  U02 .  U03  was  used 

in  mixture  #1  (table  12).  All  are  reagent  grade  products; 
their  manufacturers  are: 

-  Fisher  Scientific  Co.  Ltd  for  Si02,  CaCo3,  Na2C03, 
and  MgC03J 

-  Alfa  Products  for  Zr02,  and  U03 ; 

-  Analar  Products  Ltd  for  Al203f  and  V2Os; 

-  Var-Lac-Oil  Chem.  Ltd  for  Th02 t  and  U02. 

The  constituents  were  treated  along  the  line  suggested  by 
Edgar  ( 1973)  and  kept  in  a  vacuum  dessicator  prior  to 
mixing • 

-  Si02t  Al203r  Ti02t  Zr02  were  dried  at  950*C  for  12 
hours • 

-  CaC03  and  MgC03  were  transformed  (into  the  oxides 
CaO  and  MgO  respectively)  by  heating  them  at  950*C 
for  12  hours  in  air. 

“  v2Os  and  Na2CG3  were  dried  at  300*C  in  air. 

—  Th02f  U02  and  U03  came  in  bottles  packed  under 
nitrogen  and  required  no  treatment. 
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Preparation 

Ten  gramme  loads  were  prepared  by  weighing  all  the 
constituents  on  a  precision  balance  and  dry  mixing  by  hand 
in  an  agate  mortar  for  at  least  20  min.  Then  the  mixtures 
were  placed  in  a  loosely  covered  crucible  and  initially 
heated  to  900  C  in  air  for  12  hours  to  allow  a  preliminary 
degassing.  Afterwards,  the  temperature  was  brought  to  either 
1460  or  1650  C  depending  on  the  furnace  and  kept  at  this 
maximum  temperature  for  one  hour.  The  M-Blue  furnace  took  20 
hours  to  reach  its  maximum  temperature  (1460*0  while  the 
Deltech  furnace  reached  1650*C  within  3  hrs.  The  furnace  was 
then  turned  off  and  the  crucible  allowed  to  cool  to  about 
1200  C  before  removing.  Cooling  took  approximatly  1  hr. 

A  means  of  obtaining  homogeneous  glass  commonly 
described  in  the  literature  consists  of  successive  grinding, 
mixing,  and  melting  of  the  mixture.  We  have  not  done  so  to 
avoid  extensive  contamination  by  the  crucible.  Indeed, 
regrinding  the  whole  glass  would  have  resulted  in  a  higher 
alumina  content  in  the  final  product,  since  contamination 
would  have  occurred  during  each  melting  period.  Disregarding 
the  contaminated  marginal  glass  would  have  required  too 
large  an  initial  load  ( the  Deltech  furnace  could  not  take 
more  than  ten  gramme  loads).  Homogeneity  and  stability  of 
the  final  products  were  checked  by  electron-microprobe 
analysis.  It  was  found  that  aluminium  contamination  did  not 
extend  beyond  2  mm  from  the  contact  and  that  the  central 


part  of  the  glass  was  in  most  cases,  homogeneous 
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Inhomogeneous  products  were  rejected  and  new  loads  were 
prepared.  Samples  for  quantitative  microprobe  work  and 
independent  wet  chemical  analysis  were  taken  from  the 
central,  apparently  contamination-free,  parts  of  the 
glasses. 


5.  RESULTS 


1450*C  maximum 

Glasses  with  melting  temperatures  below  1460*C 
were  either  unstable  to  electron  beam  irradiation  (#2,  3 
table  12)  or  inhomogeneous  and  highly  contaminated  by  the 
crucible  in  which  they  were  prepared.  Inhomogeneity  and 


Table  12.  Composition  of  glasses  1,2  and  3  in  weight 
percentages • 


glass 

1 

2 

3 

ai2o3 

7.  81 

Si02 

68.  60 

40.02 

43.74 

Na20 

11.  87 

7.98 

7.58 

CaO 

4.  34 

— 

— 

Ti  02 

7.  38 

3.  99 

3.38 

Zr02 

— 

— 

•- 

Th02 

— 

- 

45.30 

uo3 

— 

48.01 

— 

Total 

100. 00 

1  00.  00 

100.00 

contamination  were  due  to  the  highly  corrosive  nature  of  the 
mixtures  containing  10  wt%  titanium  or  zirconium  oxide, 
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which  reacted  with  the  ALUNDUM®  crucibles.  The  instability 
to  electron  beam  irradiation  (15  kV;  PC  =  0.1  10~6A)  is 

manifested  by  the  decreasing  count  rate  for  sodium.  Decrease 
occurs  not  only  under  a  stationary  focussed  beam,  but  also 
under  a  focussed  beam  sweeping  an  area  of  300  square  microns 
(glass  #2).  In  no  case  did  sodium  follow  the  migration 
pattern  described  by  Borom  and  Hanneman  (1967)  who  observed 
a  substantial  increase  in  the  sodium  count  rate  with  time. 
The  ease  of  migration  of  sodium  seems  to  be  related  to  the 
presence  of  uranyl  ions.  Indeed,  of  the  three  glasses 
numbered  1,  2  and  3  (table  12),  the  least  stable  is  the 
uranium  glass  even  though  it  contains  less  sodium  than  the 
other  two.  It  may  be  that  in  the  presence  of  the  large 
dumb  el l-shaped  uranyl  ions,  silica  forms  a  loose  glass- 
framework.  Temperatures  of  the  samples  at  the  point  of 
impact  were  calculated  from  the  equation  developed  by 
Friskney  and  Haworth  (  1867),  (Appendix  III).  For  a  focussed 
beam  ( 15  kV;  PC  =  1.0  10” 6A)  striking  a  carbon  coated 
obsidian  sample,  the  estimated  temperature  is  218*C.  At  such 
a  temperature,  sodium  oxide  will  not  volatilize.  Some  other 
process  is  needed  to  explain  the  decreasing  count  rate.  If 
^■6is  temperature  (  218  C)  is  realistic  or  even  underestimated 
by  a  factor  of  three,  the  beam  could  not  have  melted  the 
sample  and  therefore  the  mechanism  proposed  by  Lineweaver 
(  1963  )  does  not  apply. 

The  experiments  suggested  the  following  sequence 


of  events: 
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1  —  neutralization  of  sodium  at  the  surface  of  the 

specimen  by  the  impinging  electrons; 

2  -  evaporation  of  sodium  metal  and  formation  of  a 

concentration  gradient*  The  vapour  pressure  of 
sodium  metal  at  150-200’c  is  10-4  to  10~6  torr- 
similar  to  that  in  the  sample  chamber*  Such 
temperatures  are  comparable  with  the  estimated 
temperature  (218*C). 

3  -  the  concentration  gradient  induces  diffusion  from 

the  interior  of  the  specimen  to  the  point  of  impact. 
At  this  stage,  migration  would  be  controlled  by  the 
diffusion  coefficient,  which  is  controlled  by  the 
concentration  gradient  (at  the  temperatures 
considered ) • 

No  other  experiments  were  carried  out  with 
additives  such  as  lithium  and  potassium*  The  first  cannot  be 
analysed  with  the  electron  microprobe  and  the  second  would 
have  posed  problems  from  overlapping  peaks  ( K-Ka  and  U-M£ ) • 


17-00  C  maximum 

Glasses  11,12,13  and  15  (table  9)  are  stable 
beneath  the  electron  beam  under  normal  analytical 
conditions*  Glass  samples  were  produced  as  truncated  cones 
0*8  cm  high,  and  1  cm  to  1*5  cm  across*  Contamination  by  the 
recrystallized  alumina  crucible  was  detected  in  all  four 
charges  but  did  not  extend  more  than  2  mm  from  the  crucible 
into  the  glass*  It  was  not  possible  to  make  a  series  of 
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glass  standards  combining  uranium  with  a  number  of  commonly 
associated  elements  all  in  sufficient  amounts  (about  5  wt%  )• 
This  follows  from  the  compositional  restrictions 
arising  from  the  presence  of  a  glass-former  in  sufficient 
amounts  (40%)  and  from  the  high  temperatures  required  (in 
many  instances,  higher  than  1700*0. 


CHAPTER  VI 


ANALYSIS  OF  STANDARD  MATERIALS 


To  test  the  analytical  approach*  known  compounds 
were  analysed.  Results  are  compared  with  the  known  and 
theoretical  compositions  and*  in  the  case  of  most  mineral 
specimens*  with  analytical  results  taken  from  the 
li  te  ra  ture  • 


An_  GLASSES 

1.  GLASSES  11,  12,  13,  AND  15 

Compositions  for  glasses  11,  12,  13,  and  15  are 

given  in  table  13.  With  the  exception  of  glass  15,  it 
appears  that  aluminium  contamination  has  occurred  over  the 
entire  volume  of  the  glasses.  In  general,  the  microprobe 
data  corrected  by  FEPAC  agree  best  with  the  composition  of 
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the  initial  powders  while  data  corrected  by  COR-2  agree  well 
with  the  wet  chemistry  results.  Because  of  the  difference  in 
aluminium  contents  between  the  powders  and  the  corresponding 
glasses,  the  latter  do  not  constitute  reliable  standards. 

As  shown  in  table  14,  corrections  for  fluorescence 
by  the  continuum  are  small.  Most  important  are  the  atomic 
number  and  absorption  effects.  This  arises  from  the 

<**^^erence  average  atomic  number  between  the  glasses  and 
the  standards.  ( Standards  used  are  listed  in  table  10,  for 
general  analyses;  in  table  13,  and  16  for  the  analyses  of 
glasses  11,  12,  13,  and  15;  and  glasses  A,  B,  D,  and  E 

respectively. )  The  overall  correction  factor  as  calculated 
by  both  COR—  2  and  FEPAC  (  tables  14  and  15)  are  important  for 
all  elements  concerned  with  the  exception  of  calcium. 

2.  GLASSES  A,  B,  D ,  AND  E 

The  presence  of  molybdenum  in  our  results  and  its 
absence  in  the  theoretical  composition1  (table  16)  is 
probably  the  most  striking  difference  between  these  sets  of 
values.  Molybdenum  comes  from  contamination  of  the  glasses 
by  the  molybdenum  container  during  fusion.  Glasses  were 
prepared  according  to  the  method  described  by  Smellie 
(1972).  With  the  exception  of  glass  B,  other  values  do  not 


i 


composition  obtained  from  weighing  the  constituents 
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agree  very  well.  The  differences  are  best  seen  when  the 
atomic  proportions  of  the  main  constituents  are  compared.  In 
table  17,  the  atomic  proportions  of  aluminium,  silicon  and 
calcium  are  recalculated  to  100.  It  can  be  seen  that  the 
theoretical  proportions  for  all  four  glasses  are  similar. 

Our  results  show  variable  proportions  from  one  glass  to  the 
other  with  aluminium  being  low.  The  discrepancies  between 
theoretical  and  microprobe  compositions  cannot  be  due  to  the 
effect  of  thorium  and  uranium  since  the  compositions  of  the 
glasses  with  the  highest  amounts  of  thorium  and  uranium, 
namely  E  and  B,  are  in  better  agreement  than  those  with  less 
thorium  and  uranium.  Also,  the  amounts  of  uranium  and 
thorium  are  rather  low  compared  with  the  differences 
observed.  Discrepancies  are  found  whichever  correction 
program  is  utilized  1.^. ,  COR- 2  (table  16)  or  FEPAC  (table 
18).  This  suggests  that  the  discrepancies  in  composition  are 
real  and  arise  from  contamination  by  molybdenum  and  probably 
from  segregation  of  the  other  constituents  during  fusion. 
Corrections  for  continuum  fluorescence  are  negligable. 

Atomic  number  and  absorption  corrections  are  very  important 
for  molybdenum,  thorium  and,  uranium.  This  arises  from  the 
markedly  different  average  atomic  number  of  the  glasses 
compared  to  those  of  the  standards  (  PbMoO* ,  ThOg »  and 
U02wl).  Silicon,  aluminium  and  calcium  were  analysed  against 


a  plagioclase  standard. 
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1.  EUXENITE 


Discrepancies  between  the  two  sets  of  analytical 
results  can  be  seen  for  major  and  minor  elements  (table  19). 
These  arise,  at  least  in  part,  from  the  higher  sensitivity 
of  the  methods  used  by  Sraellie  et  aj,.  (  1978  );  indeed,  some 
elements  determined  by  atomic  absorption  spectrophotometry, 
flame  emission  spectrophotometry  and  neutron  activation 
analysis  were  not  detected  by  the  microprobe.  Another  likely 
reason  is  the  presence  of  impurities  in  the  aliquots 
analysed  by  Sraellie,  a  concentration  of  0.12  wt%  MnO,  for 
example,  would  have  been  detected  by  the  microprobe  had  it 
been  present  in  the  excited  volume  of  this  sample.  Our  low 
total  is  due  to  water  (reported  by  Sraellie  g_t  &l .  ,  1978  )  and 
perhaps  to  other  volatile  elements  which  were  not 
determi ned • 

Differences  can  be  appreciated  by  expressing  the 
analysis  in  terms  of  the  general  formula  for  euxenite,  and 
by  comparing  the  distribution  of  rare-earths  with  that  of 
other  euxenite  analyses. 

The  group  formula  of  euxenite  is: 

ABg  Of, 

where  A  =  U,  Th ,  Fe*2,  Ca,  REE; 

and  B  =  Ti ,  Ta ,  Nb,  Fe+3. 
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On  this  basis  one  finds  for  Sraellie's  analysis: 
sura  of  A  =  35. 16 

sura  of  B  =  64.84  including  all  iron  as  Fe+3 


Microprobe  results  can  be  calculated  to  yield  the  group 
for  mu la: 

sum  of  A  =  33.33  including  0.34  Fe+2 
sum  of  B  =  66.67  including  1.52  Fe+3 

It  can  be  seen  that  our  result  agrees  with  the  theoretical 
formula  for  euxenite  ( A/ B  =  1/2)  while  those  of  Smellie  will 
at  best  yield  an  A/B  ratio  of  1/1.84. 

The  distribution  of  rare-earths  for  both  analyses 
are  compared  to  those  of  eight  samples  taken  from  the 
literature  (fig.  6).  The  trend  of  the  microprobe  results  is 
in  good  agreement  with  the  average  trend  of  other  euxenite 
samples  (Butler,  1958)  while  that  of  Smellie  e_t  al.  (  1978) 
disagrees,  mainly  for  gadolinium  and  neodymium. 

Three  facts  support  the  validity  of  our  results: 

1-  The  presence  of  unexpected  elements  in  the  analysis 
of  Smellie  et  al .  ( 1978),  such  as  aluminium, 
potassium  and  magnesium.  These  likely  come  from 
mineral  impurities. 

2-  The  distribution  of  ra rehear ths  in  our  analysis  is 
in  better  agreement  with  that  of  other  euxenite 
analyses  (  fig.  6  )• 


3- 


Finally,  our  results  are  in  good  agreement  with  the 
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Figure  6.  Distribution  of  rare-earth  elements  in  the  euxinite  standard 
in  weight  percentages,  as  analysed  by  Smellie  (1975)  and  by  Schimann, 
compared  to  the  average  distribution  for  8  euxinite  samples  analysed  by 
Butler  (1958)  .  The  samples  of  Butler  are  from  South-West  Africa,  Nansek 
(Uganda),  Vegusdal  and  Arendal (Norway) ,  Fitamalama (Madagascar ) ,  Brazil, 
and  Rio  Lagone (Mozambique) .  For  a  better  comparison,  the  average  values 
for  Butler’s  analyses  were  recalculated  for  a  sum  equal  to  the  average 
sum  of  rare-earths  in  Smellie 's  and  Schimann 's  analyses. 
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structural  formula  of  euxenite. 

As  can  be  seen  in  table  20,  the  corrections  for 
fluorescence  are  low  except  for  tantalum  and  ytterbium, 
while  absorption  and  atomic  number  effects  are  important, 
especially  for  niobium,  tantalum,  and  lead. 


2.  DAVIDITE 

Some  discrepancies  in  the  two  sets  of  analytical 
results  from  davidite  (table  21  )  can  be  seen  for  major  and 
minor  elements.  As  in  the  case  of  euxenite,  reasons  for  this 
difference  are  higher  sensitivity  of  the  methods  used  by 
Smellie,  and  the  likely  presence  of  impurities  in  his 
mineral  aliquots. 

The  group  formula  for  davidite  is: 

AB3(  O, OH )7 

where  A  =  U,  Ca ,  Zr,  Th,  Fe+ 2 ,  REE; 
and  B  =  Ti ,  Fe+3,  V,  Cr. 

On  this  basis  the  analysis  of  Smellie  gJt  al,  (  1978)  gives: 
sum  of  A  =  23.67,  including  16.63  Fe+Z 

sum  of  B  =  70.90,  including  13.74  Fe+3. 

Our  results  yield: 

sum  of  A  =  24.37,  including  18.63  Fe+2 

sum  of  B  =  73.10,  including  15.81  Fe  +  3. 


In  the  first  case  the  Fe+2/Fe+3  ratio  is  equal  to  0.55,  in 
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the  second  it  is  0.54.  Because  the  oxidation  states  of  iron 
thus  calculated  agree  very  well  with  each  other,  it  is 
concluded  that  the  discrepancies  in  composition  are  real 
i.e.,  that  the  composition  given  by  Smellie  is  different 

from  that  of  our  specimen  because  the  original  material  was 
not  homogeneous. 

Corrections  for  microprobe  analysis  are  listed  in 
table  22,  and  standards  used  are  given  in  table  10.  The 
continuum  fluorescence  effect  is  low  although  not  always 
negligible  while  the  other  three  factors  are  important. 


3.  META-AUTUNITE 

Our  results  for  me  ta-autuni  t  e  (table  23)  are  in 
very  good  agreement  with  the  theoretical  and  synthetic  meta 
autunite,  although  phosphorus  is  somewhat  higher  than 
expected.  The  concentration  of  phosphorus  was  checked  using 
several  different  standards  and  different  operating 
voltages,  and  essentially  the  same  results  were  obtained. 
Undoubtedly  this  analysis  shows  that  we  can  recognise  the 
mineral  from  its  composition. 
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4.  META-URANOCIRCITE 

Table  24  shows  the  compositions  of  metatorbernite 
and  meta-uranoci rci te.  Our  analysis  falls  between  these  two 
end— members  but  closer  to  me t a— uranoc i rc i t e •  The  relatively 
low  sum  for  the  cations  in  our  results  (  Ca  +  Cu  +  Ba  =  0*86) 
is  caused  by  the  segregation  of  barium  into  cleavage  planes. 
It  is  not  known  whether  this  segregation  occurs  during 
analysis  or  during  sample  preparation,  but  scanning 
photographs  show  local  concentrations  of  barium  and  perhaps 
copper  ( plate  1).  X— ray  powder  diffraction  and  microscopic 
examination  on  separate  fractions  revealed  the  presence  of 
only  one  compound,  with  properties  close  to  those  of  meta- 
uranoci  rc  1  t  e  .  The  phosphorus  and  uranium  contents  and  their 
atomic  proportions  are  in  excellent  agreement  with  both 
theoretical  compositions  and  with  previous  analyses. 

5.  SABUGALITE 

The  mineral  we  have  analysed  was  identified  as 
sabugalite  by  X-ray  diffraction  (Table  25).  Our  results 
(Table  26)  are  in  excellent  agreement  with  the  uranium  and 
phosphorus  contents  and  atomic  proportions  of  theoretical 
and  analytical  compositions  of  sabugalite  (natural  and 
synthetic).  The  aluminium  content  of  our  analysis  is 
relatively  high  compared  with  the  type  material  (sample  3) 


1 ' 
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Cu  (background) 
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microns 


Plate  t  :  Backscattered  electron  (bs)  and  elemental  photographs  of  'meta-uranocircite'. 
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and  the  theoretical  composition  but  not  incompatible  with 
the  synthetic  'sabugalite®  (sample  4).  Three  analyses  using 
different  standards  led  to  similar  results  suggesting  the 
following  structural  formula: 

AlCH(  U02  )2(  PO*  ) 2  •  8H20 

where  OH  is  grouped  together  with  Al  for  charge 
compensation.  Because  of  the  highly  hydrated  character  of 
the  mineral,  investigation  by  infra-red  and  Raman 
spectroscopy  did  not  yield  any  information  on  the  nature  of 
hydrogen  and  oxygen  in  sabugalite,  ±. e. ,  on  their  presence 
as  OH,  H  or  H3O  in  addition  to  H20, 

In  light  of  these  facts  it  appears  that  in 
sabugalite,  the  aluminium  content  may  vary  without  much 
change  i n  the  cell  dimensions, 

6,  CARNOT ITE 

Our  results  (table  27)  agree  well  with  other 
analyses  of  carnotite,  especially  when  the  composition  is 
recalcula  ted  on  the  basis  of  an  ®  ideal®  water  content  of 
5,98%,  Potassium  is  low  and  water  calculated  by  difference 
is  high  compared  with  the  theoretical  values.  This  high 
apparent  water  content  is  probably  due  to  the  presence  of 
impregnation  and  mounting  materials  in  the  excited  volume 
during  microprobe  analysis.  This  is  likely  as  carnotite,  in 
our  specimen,  occurred  only  as  a  fine  coating  (about  20 
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micron  thick)  on  quartz  and  feldspar  grains  of  an  arkose 
sample.  The  discrepancy  in  the  potassium  content  is  not 
surprising  since  the  analysis  of  potassium  existing  with 
uranium  pcses  interference  problems  and  K-K/9  line  is  used. 
Considering  this  difficulty  our  results  are  very 
satisfactory,  and  carnotite  is  easily  recognized  and 
characterized  by  such  analyses. 


7.  /?  — URANOPEANE 

Table  2 8  shows  analyses  of  /S-uranophane.  The 
material  we  analysed  formed  a  very  thin  film  (20-30  micron 
thick)  on  a  rock  specimen.  It  is  very  fine-grained  and 
somewhat  porous  so  that  the  plastic  used  as  an  impregnating 
and  mounting  material  is  probably  present  in  the  excited 
volume  during  microprobe  analysis.  This  is  responsible  for 
the  apparent  high  water  content.  When  our  results  are 
recalculated  to  100%  on  the  basis  of  the  theoretical  water 
content,  the  analysis  is  very  similar  both  to  those 
previously  reported  and  to  the  theoretical  composition. 
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8.  SODDYITE 

Our  results  (table  29)  compare  very  well  with  the 
previous  analysis  of  the  type  material.  When  iron  and  lead 
are  grouped  together  with  uranium  in  the  calculation  of  the 
structural  formula,  results  agree  best  with: 

5U02- 2Si02 •6H20. 

The  precision  of  microprobe  analysis,  however,  does  not 
allow  us  to  make  a  definite  choice  between  the  two  possible 
structural  formulae  for  soddyite. 

9.  THOROGUMMITE 

Our  results  (table  30)  yield  a  high  total;  this  is 
probably  caused  by  the  loss  of  P2Os,  together  with  water 
when  H20+  was  determined  on  a  separate  fraction.  Phosphorus 
would  then  be  included  twice  in  the  total,  firstly  as  P2Os 
(in  the  microprobe  determination)  and,  secondly  as  part  of 
'H20+'.  Our  silicon  and  calcium  contents  are  very  high 
relative  to  other  analysis. 
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10.  URANOTHORIANITE 

Our  results  (table  31)  agree  well  with  the 
theoreticel  composition  and  with  other  analyses  taken  from 
the  literature  and  especially  with  sample  3.  All  three 
samples  (2,  3  and  4)  are  from  Ceylon. 


C—  CONCLUSIONS 

Compositions  of  glasses  determined  by  various 
methods  are  not  in  perfect  agreement.  Discrepancies  in  the 
aluminium  content  of  glasses  11,  12*  and  13  are  opposite  to 

those  of  glasses  A*  B,  D,  and  E.  In  both  cases  these 
discrepancies  are,  at  least  in  part,  due  to  the  procedures 
of  glass  synthesis.  In  practice,  these  glasses  do  not 
constitute  good  analytical  standards. 

The  determination  of  magnesium  in  the  presence  of 
uranium,  when  corrections  are  applied  through  COR-2,  is  not 
satisfactory.  It  appears  that  the  corrections  made  are  not 
suitable  for  magnesium,  nor  probably  for  other  elements  of 
lower  atomic  number,  such  as,  sodium.  It  can  be  expected 
that  the  sodium  concentrations  would  also  be  underestimated 
in  the  presence  of  thorium. 

From  analyses  of  mineral  specimens  using  the 


techniques  outlined  in  a  previous  chapter,  it  appears 
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possible  to  obtain  accurate  determinations  of  the 
compositions  of  uranium  and  thorium  minerals  using  the 
electron  microprobe.  It  has  proven  feasible  not  only  to 
identify  these  minerals  la  situ  but  also  to  obtain 
completely  plausible  values  for  minor  concentrations. 

Corrections  to  our  data  are  important  because  the 
elements  involved  are  of  widely  differing  atomic  numbers  and 
also  because  standards  and  unknowns  have  very  different 
average  atomic  numbers.  A  comparison  between  data  corrected 
by  FEPAC  and  COR-2  shows  not  only  the  remaining  inadequacy 
of  our  knowledge  concerning  the  precise  size  of  the  matrix 
effects,  but  also  the  usefullness  of  the  applied 
co  rrec  t i ons . 

It  appears  that  corrections  applied  by  FEPAC  give 
better  results  than  those  applied  by  COR-2.  Owing  to  the 
fact  that  FEPAC  does  not  print  out  detailed  ZAF  corrections1 
,  it  is  difficult  to  trace  back  the  sources  of  the 
differences  in  the  results.  Better  results,  however,  may  in 
part  arise  from  the  standardization  of  the  various 
parameters  needed  through  the  use  of  mathematical 
expressions.  Because  these  parameters  are  linked,  not  only 
in  theory,  but  also  by  their  mathematical  expressions,  they 
are  more  compatible  with  the  group  treatment  effected  to 
correct  for  interactions  of  the  various  elements. 


1  The  data  were  run  through  FEPAC  by  Dr  Springer  in  Toronto, 
using  the  original  version  of  the  programme. 
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Comparisons  between  analytical  compositions  and 
stoichiometric  compositions  of  minerals  show  that  minerals 
can  easily  be  identified  by  microprobe.  Deviation  from 
stoichiometry  for  both  microprobe  results  and  analyses  of 
other  workers,  may  be  due  to  imprecise  determinations,  but 
also  to  the  unusually  large  error  that  will  arise  when 
structural  formulae  are  calculated  from  weight 
concentrations  where  heavy  elements,  such  as  uranium, 
thorium,  and  lead  dominate.  This  is  best  exemplified  by 
soddyite  for  which  no  definite  structural  formula  has  yet 
been  accepted.  Atomic  proportions  of  the  major  constituents 
in  minerals  containing  heavy  and  light  elements,  are  in 
general  better  established  from  structural  determinations 
rather  than  through  chemical  analyses. 

Precision  and  accuracy  expected  in  the  analysis  of 
uranium  and  thorium  minerals  are  best  illustrated  by 
euxenite  and  davidite.  It  appears  possible  to  study  any 
zonal  or  other  variations  in  mineral  chemistry  and,  of 
course,  to  identify  minerals;  but  special  care  must  be  taken 
when  comparing  minerals  determined  by  different  methods. 

This  inconvenience  is  largely  compensated  by  the  ability  to 
analyse  for  all  constituents  (with  Z>9 )  from  a  small  area 
enough  to  avoid  mineral  separation  and  contamination. 

Finally,  it  should  be  pointed  out  that  hydrated 
uranium  minerals  lose  only  part  of  their  water  in  the  course 


of  analysis 


- 


. 


1  07 


Table  13 

•  Compos! tion  in 

weight  percentages 

of  glasses 

12,  13, 

15,  and  total  correction  factor  for 

the  combin 

effect  of  sample 

and  standard  (  CF )  for  microprobe  data 

computed 

through 

FEPAC. 

Oxygen  is  calculated 

by 

stoichiometry.  Standards 

are  listed 

be 1 ovi 

Glass— 

1  1 

Glass— 13 

wt  % 

CF 

wt% 

CF 

Mg 

4.40 

1.169 

Mg 

4.30 

1 .377 

A 1 

15.82 

1.126 

Al 

17.50 

1.101 

Si 

17.03 

1.169 

Si 

17.33 

1.162 

Ca 

5.16 

1.0  02 

Ca 

5.26 

0.994 

U+4 

16.89 

1.385 

Th 

16.21 

1.380 

O 

40.69 

O 

39.74 

Total 

99.99 

Total 

100.34 

Glass-12 

Glass- 15 

wt  % 

CF 

wt% 

CF 

Mg 

4.35 

1.152 

Mg 

2.76 

1.186 

Al 

16.76 

1.114 

Al 

15. 07 

1 .120 

Si 

16.58 

1.169 

Si 

16.32 

1.157 

Ca 

5.18 

1.003 

Ca 

5.01 

0.992 

Zr 

1.66 

1.472 

Xi+4 

1.28 

1.082 

Th 

6.95 

1.402 

V+  5 

2.51 

1.201 

U+4 

7.14 

1.426 

U+4 

15.99 

1.378 

o 

41.35 

o 

41.07 

Total 

99.97 

Total 

100.01 

Standards 

Mg •  MgO 

V:  V-metal 

A 1:  corundum 
Si :  quartz 
Ca :  plagioclase 
Ti :  rutile 


glass 


Zr:  zircon 
Th:  ThOg 

u:  uo2.i 


‘ 


* 

: . 

' 
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Table  14.  Composition  in  weight  percentages  of  glasses  11, 
12,  13,  and  15,  correction  factors  for  atomic  number  (Z), 
absorption  (A),  characteristic  fluorescence  (F),  continuum 
fluorescence  (  Fc  ) ,  and  total  correction  factor  for  the 
combined  effect  of  sample  and  standard  (  CF  )  for  microprobe 
data  computed  through  COR-2. 


Glass— 1 1 


mprob  e 

Z 

A 

F 

Fc 

CF 

Mg 

3.88 

0.960 

1.083 

0.991 

0.999 

1. 029 

Al 

16.71 

0.971 

1.233 

0.994 

0.999 

1.189 

Si 

17.91 

0.9  55 

1.289 

1.000 

0.999 

1.229 

Ca 

5.10 

0.963 

1.032 

1.000 

0.999 

0.992 

U44 

15.27 

1  .340 

0.935 

0.995 

1.001 

1 . 249 

O 

41.93 

Total 

100.80 

Glass-12 

mprob  e 

Z 

A 

F 

F  c 

CF 

Mg 

4.07 

0.964 

1 .130 

0.990 

0.999 

1.078 

Al 

17.89 

0.976 

1.223 

0.994 

0.999 

1.189 

Si 

17.58 

0.959 

1.294 

0.999 

0.999 

1.240 

Ca 

5.18 

0.968 

1.037 

1.000 

0.998 

1.001 

Zr 

1.63 

1 .198 

1  .209 

0.999 

1.000 

1 . 444 

Th 

5.82 

1.341 

0.878 

0.995 

1.001 

1.173 

U44 

6.40 

1  .347 

0.947 

0.999 

1.003 

1 .278 

O 

42.97 

To  ta  l 

101.50 

Gla  ss-1 3 

mprobe 

Z 

A 

F 

F  c 

CF 

Mg 

4.49 

0.961 

1.173 

0.990 

0.999 

1.115 

Al 

18.  10 

0. 973 

1.267 

0.994 

0.999 

1.224 

Si 

18.02 

0.956 

1  .338 

1.000 

0.999 

1.277 

Ca 

5.19 

0.9  64 

1 . 051 

1 . 000 

0.999 

1.012 

Th 

15.07 

1.336 

0.885 

0.995 

1.001 

1.178 

O 

43.73 

Total 

104.60 

Glass— 15 

mprobe 

Z 

A 

F 

F  c 

CF 

Mg 

2.46 

0.958 

1.110 

0.991 

0.999 

1 . 053 

Al 

15.90 

0.970 

1.227 

0.994 

0.999 

1.181 

Si 

17. 15 

0.953 

1  .277 

1.000 

0.999 

1.216 

Ca 

4.97 

0.961 

1 . 028 

0.997 

0.998 

0.984 

Ti  44 

1. 26 

1  .021 

1 . 059 

1.000 

0.996 

1.074 

y+  5 

2.30 

0.992 

1.128 

1 . 039 

1.000 

1.162 

U44 

14.41 

1  .338 

0.932 

0.995 

1.001 

1. 242 

o 

41.92 

To  ta  l 

100.37 

- 


/ 

109 


Table  15.  Composition  in  weight  percentages  of  glasses  11, 
12,  13,  and  15.  Values  for  the  initial  powders  (powder)  and 
analytical  results  obtained  from  wet  chemistry  (wchem)  and 
microprobe  corrected  through  COR-2  and  FEPAC  are  compared. 


Glass— 1 1 

po  wd er 

wc  hem 

COR— 2 

FEPAC 

Mg 

4.49 

4.35 

3.88 

4.40 

Al 

15.77 

16.76 

16.71 

15.82 

Si 

17.35 

17.09 

17.91 

17.  03 

Ca 

5.34 

5.12 

5.10 

6.16 

U+4 

16.02 

15.87 

15.27 

16.89 

O 

41  .03 

41.42 

41.93 

40.69 

T  otal 

100.00 

100.61 

100.80 

99.99 

Glass-12 

po wd  er 

wc  hem 

COR— 2 

FEPAC 

Mg 

4.47 

4.39 

4.07 

4.35 

Al 

15.68 

16.07 

17.89 

16.76 

Si 

17.31 

16.75 

17.58 

16.'5S 

Ca 

5.30 

5.10 

5. 18 

5.  18 

Zr 

1.82 

2.12 

1.63 

1.66 

Th 

7.05 

5.74 

5.82 

6.95 

U+4 

7.08 

6.76 

6.40 

7.  14 

O 

40.13 

43.53 

41 . 42 

41.35 

Total 

100.00 

100.46 

101.50 

99.97 

Glass— 13 

powder 

wc  hem 

COR— 2 

FEPAC 

Mg 

4.46 

4.38 

4.49 

4.30 

Al 

15.64 

18.02 

18.10 

17.50 

Si 

17.33 

16.94 

18.02 

17.33 

Ca 

5.30 

5.07 

5.19 

5.26 

Th 

16.29 

14.07 

15. 07 

16.21 

O 

40.98 

42.16 

43.73 

39.74 

Total 

100.00 

100.64 

1  04 . 6  0 

100.34 

Glass— 15 

powder 

wc  hem 

COR— 2 

FEPAC 

Mg 

2.77 

2.83 

2.46 

2.76 

Al 

15.09 

14.51 

15.90 

15.07 

Si 

16.65 

16.47 

17. 15 

16. 32 

Ca 

5.08 

4.89 

4.97 

5.01 

Ti+4 

1.29 

1.61 

1.26 

1 . 28 

y  +  5 

2.35 

2.30 

2.43 

2.51 

U  +  4 

15.71 

17.16 

14.41 

15.99 

o 

41  .06 

40.37 

41.92 

41.07 

Total 

100.00 

100.14 

100.37 

100.01 

‘ 


• 

• 
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Table  16.  Composition  in  weight  percentages  of  gl 
D  i  and  E ,  correction  factors  fnr  «  + ™  ^  tv 


asses  A,  B, 


absorption  (A),  charater istic  fluorescence  (F),  continuum 
fluorescence  (  Fc  ),  and  total  correction  factor  for  the 
combined  effect  of  sample  and  standard  ( CF  )  for  microprob 
data  computed  through  COR-2.  Theoretical  (theor)  and 
analytical  (  raprobe  )  compositions  are  compared;  oxygen  is 
calculated  by  stoichiometry.  Standards  are  listed  below. 

Glass  A 

theor. 

m  probe 

Z 

A 

F 

Fc 

CF 

Al 

16.43 

15.32 

0.997 

1.021 

1.000 

1.000 

1.018 

Si 

19.61 

19.90 

0.997 

0.984 

1 . 000 

1.000 

0.880 

Ca 

18.64 

1  8.  64 

0.997 

1 . 001 

1 . 000 

1 .000 

0. 998 

Mo  +  5 

— 

0.96 

1.252 

1.042 

0.992 

1.002 

1.296 

U+4 

0.78 

0.70 

1.385 

0.  914 

0.993 

1 . 005 

1 . 265 

O 

44.53 

44.52 

Total 

99.99 

100.04 

Glass  B 

theor. 

m  probe 

Z 

A 

F 

Fc 

CF 

Al 

15.92 

15.81 

0.988 

1.051 

1.001 

1 .000 

0.997 

Si 

18.74 

1  8.74 

0.S88 

1 . 007 

1.000 

1.000 

0.  997 

Ca 

17.90 

1  7.87 

0.988 

1.006 

1.000 

0.999 

0.  994 

Mo  +  s 

— 

0.29 

1.241 

1. 051 

0.  993 

1.002 

1.302 

U+4 

4.05 

3.80 

1.372 

1.372 

0.  994 

1 . 004 

1.255 

o 

43.38 

43.36 

To  ta  l 

89.99 

99.87 

Glass  D 

theor • 

mprobe 

Z 

A 

F 

FC 

CF 

Al 

16.41 

15.  16 

0.  992 

1. 024 

1.000 

1 .000 

0.992 

Si 

19.64 

19.94 

0.992 

0.  985 

1.000 

1.000 

0.  965 

Ca 

18.57 

18.68 

0.992 

1.002 

1  .000 

1.000 

0. 996 

Mo  +  s 

— 

0.85 

1.246 

1 . 043 

0.993 

1.003 

1 . 293 

Th 

0.89 

0.78 

1.371 

0.  849 

0.  976 

1.002 

1.  138 

O 

Tota  l 


44.49 

100.00 


44.59 

100.00 


Glass  E 


theor 

m  probe 

Z 

A 

F 

Fc 

CF 

Al 

15.86 

15.12 

0.995 

1 . 066 

1. 001 

1.000 

1 . 058 

Si 

18.66 

19.31 

0.995 

1.011 

1.000 

1  .000 

1.001 

Ca 

17.85 

1  8.21 

0.994 

1.012 

1 . 000 

1 .000 

1 . 006 

Mo  +  5 

— 

0. 51 

1.249 

0.993 

1 . 002 

1 .003 

1 . 300 

Th 

5.17 

3.84 

1.375 

0.  854 

0.  978 

1.002 

1 .  148 

O 

42.47 

42.  70 

Total  100.01 

99.69 

ai  : 

anorthoclase  glass 

Mo:  PbMoO* 

Si : 

anorthoclase  glass 

Th:  ThO 

2 

Ca: 

anorthoclase  glass 

u:  uo2. 

l 

. 

. 

. 

■ 

„ 

- 

. 
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Table  17.  Atomic  proportions  of  Al,  Si,  and  Ca  in  glasses  A, 
E,  D,  and  E  for  a  sum  Al  +  Si  +  Ca  equal  to  100.  Theoretical 
and  analytical  (COK-2)  values  are  compared. 


Glass  A 

Glass 

B 

Al 

theoretical  analytical 

theore  t ica l 

analy tica l 

34 

33 

34 

34 

Si 

39 

41 

39 

39 

Ca 

26 

27 

26 

27 

Glass  D 

Glass 

E 

theoretical  analytical 

theore  t ica l 

analytical 

Al 

34 

32 

34 

33 

Si 

39 

41 

39 

40 

Ca 

26 

27 

26 

27 

Table  18.  Composition  in  weight  percentages  of  glasses  A,  B, 
D,  and  E  and,  total  correction  factors  for  the  combined 
effect  of  sample  and  standard  (CF  )  for  microprobe  data 
computed  through  FEPAC .  Oxygen  is  calculated  by 
st  o ic hi  ome  t  ry  • 

Gl  ass 

A 

Glass  B 

wt% 

CF 

w  t% 

CF 

Al  15.26 

1.  013 

15.58 

1 . 025 

Si  19.81 

0.  975 

18.49 

0.984 

Ca  18.81 

0.  996 

17.55 

0.998 

Mo+s  1.13 

1. 362 

0.34 

1.357 

U+4  0.83 

1.423 

4.45 

1.413 

O  44.17 

43.49 

Total  100.01 

99.90 

Glass 

D 

Glass 

E 

wt% 

CF 

wt% 

CF 

Al  15.07 

1.  015 

14.66 

1 . 023 

Si  19.82 

0.  975 

18.82 

0.9  75 

Ca  18.67 

0.  997 

18.21 

2.996 

Mo+s  0.99 

1.363 

0.59 

1 . 351 

Th  0.98 

1.424 

4.73 

1 . 408 

O  44.41 

42.94 

Total  99.94 

99.95 
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Table  19.  Composition  of  euxenite  in  weight  percentages  and 
in  atomic  proportions  as  obtained  by  wet  chemistry  end 
neutron  activation  (Sraellie)  and  by  electron  microprobe. 
Atomic  proportions  have  been  calculated  on  a  water-  and 


n—  free 

basi s • 

wt% 

at  • 

prop. 

Srae l  li  e 

mprobe 

Sme l  li e 

mprobe 

Na 

0.08 

n  .d. 

0.44 

Mg 

0.05 

n  •  d  • 

0.27 

mm 

K 

0.02 

n  •  d. 

0.07 

_ 

Ca 

0.83 

0.26 

2.  58 

0.85 

Mn 

0.12 

n  •  d  • 

0.26 

Cu 

0.02 

n  .  d  • 

0.  04 

Zn 

0.02 

n  •  d  • 

0.04 

— 

Y 

11.81 

12.27 

16.54 

17.62 

La 

0.03 

n  •  d  • 

0.22 

Ce 

0.19 

0.21 

0. 16 

0.  19 

Nd 

0.04 

0.49 

0.04 

0.44 

Sm 

0.47 

0.58 

0.39 

0.49 

Eu 

0.03 

n  •  d  • 

0.03 

Gd 

n  •  d. 

0.73 

— 

0.63 

Tb 

0.36 

n  .d. 

0.27 

Dy 

1.83 

2.19 

1.41 

1.72 

Ho 

0.59 

0.92 

0.46 

0.72 

Er 

1.52 

1 .44 

1.  13 

1.  10 

Tra 

0.64 

n  •  d. 

0.47 

— 

Yb 

1.65 

1 . 82 

1.  19 

1.34 

Lu 

0.24 

n  •  d  • 

0.  17 

— 

Pb 

0.76 

1 .17 

0.46 

0.72 

Th 

4.18 

4.18 

2.24 

2.30 

U 

9.61 

9.59 

5.03 

5.  14 

Fe 

0.78 

0.81 

1 . 73 

1.85 

Al 

0.26 

0.02 

1.22 

0.10 

Si 

0.02 

n  •  d 

0.08 

— 

Ti 

14.45 

13.74 

37.54 

36 .66 

Nb 

18.04 

19.65 

24.23 

27.00 

Ta 

1 . 76 

1 .65 

1 .21 

1.16 

O 

25,71 

24. 86 

h2o+ 

3.21 

N.D. 

h2o~ 

0.07 

N.D. 

Total 

99.87 

96.58 

1 00.00 

100.00 

n  •  d  • 
N.  D. 


:  not  detected 
:  not  determined 


• 

. 

, 

- 
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Table  20.  Composition  in  weight  percentages  of  euxenite  and 
correction  factors  for  atomic  number  (Z)f  absorption  (A), 
characteristic  fluorescence  (F),  continuum  fluorescence 
(Fc),  and  total  correction  factor  for  the  combined  effect  of 
sample  and  standard  (CF)  for  microprobe  data  computed 
through  COJk— 2  •  Oxygen  was  calculated  by  stoichiometry. 


A1 

Ce 

Ti 

Fe 

Y 

Nb 

Ce 

Nd 

Sm 

Gd 

Dy 

Ho 

Er 

Yb 

Ta 

Pb 

Th 

U 

O 

Total 


wt% 
0.02 
0.26 
13.74 
0.81 
12.27 
19.65 
0.21 
0.49 
0.58 
0.73 
2.  19 
0.92 
1.44 
1.82 
1.65 
1.  17 
4.  18 
9.59 
24.86 
96.58 


Z 

0.863 
0.834 
0.  874 
0.818 
0.921 
1.023 
0.846 
0.848 
0.  846 
0.845 
0.834 
0.832 
0.830 
0.833 
1  .024 
1.134 
0.862 
0.8  59 


A 

1.172 
1.111 
1.092 
1 . 034 
1 .080 
1.2  06 
1 . 034 
1 .048 
1.037 
1.031 
1.025 
1.033 
0.020 
1.010 
1.001 
1.115 
1 . 1  02 
1.097 


F 

1.002 
0.991 
0.998 
0.  997 
0.995 
0.998 
0.998 
0.999 
0.999 
1.000 
1.002 
1.000 
0.999 
0.999 
1.000 
0.999 
1.000 
0.980 


Fc 

0.999 
0.997 
0.997 
1.000 
0.999 
0.999 
0.997 
1.001 
1.000 
1.002 
1.002 
1.002 
1.001 
0.996 
0.983 
1.001 
1.000 
1  .00 


CF 

0.  911 
0.  947 
0.988 
0. 876 
1.031 
1.283 
0.  898 
0.926 
0.  920 
0.916 
0.895 
0.  891 
0.  881 
0.  873 
1.277 
1. 312 
0.  990 
0.  974 


- ' 


' 

• 
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Table  21.  Composition  of  davidite  in 
in  atomic  proportions  as  obtained  by 
neutron  activation  analysis  (Smellie 
microprobe.  Atomic  proportions  have 


weight  percentages  and 
wet  chemistry  and 
»  1976),  and  by  electron 

been  calculated  on  a 


—  and 

oxygen- free 

basis • 

w  t% 

at. 

prop. 

Smel li 

e  raprobe 

Sme  Hie 

mprobe 

Na 

0.07 

n.d. 

0.25 

Mg 

0. 16 

0.22 

0.56 

0.76 

K 

0.03 

n.d. 

0.07 

— 

Ca 

0.58 

0.20 

1.26 

0.42 

Mn 

0.07 

n.d. 

0.11 

Cu 

0.02 

n.d. 

0.03 

Zn 

0.04 

n.d. 

0.  05 

La 

4.31 

2.89 

2.71 

1 . 76 

Ce 

1.68 

1.90 

1.04 

1 .  14 

Nd 

<0.04 

n.d. 

<0.03 

_ 

Sm 

<0.01 

n.d. 

<0.01 

Eu 

<0.01 

n.d. 

<0.01 

— 

Gd 

<0.01 

n.d. 

<0.01 

— 

Tb 

<0.01 

n.d. 

<0.01 

— 

D  y 

<0.04 

n.d. 

<0.03 

— 

Ho 

0.04 

n.d. 

<0.03 

— 

Er 

0.08 

n.d. 

0.04 

— 

Ttn 

<0.09 

n.d. 

<0.04 

— 

Yb 

0.08 

0.07 

0.04 

0.03 

Lu 

<0.09 

n.d. 

<0.04 

— 

Pb 

0.73 

0.77 

0.31 

0.31 

Th 

0.21 

n.d. 

0.08 

— 

U 

8.22 

7.70 

3.01 

2.74 

Fe 

19.44 

22.71 

30.37 

34.  44 

Al 

0.69 

0.35 

2.22 

1.09 

Si 

0.06 

n.d. 

0. 17 

Ti 

28.54 

30.05 

51.97 

53.  14 

V 

0.58 

n.d. 

0.99 

— 

Cr 

2.57 

2.55 

4.30 

4.15 

O 

31.79 

29.91 

h2o+ 

0.68 

N.D. 

h2o- 

0.05 

N.D. 

Total 

101.02 

99.32 

100.00 

1 00.00 

not  detected 
not  determined 


n.  d .  : 
N.  D.  : 


* 


- 

• 

.  • 
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.ft  l  , 

' 

1  15 


Table  22.  Composition  in  weight  percentages  of  davidite  and 
correction  factors  for  atomic  number  (Z),  absorption  (A), 
characteristic  fluorescence  (F),  continuum  fluorescence 
(Fc),  and  total  corrections  factor  for  the  combined  effect 
of  sample  and  standard  <CF)  for  microprobe  data  computed 
through  COR— 2 •  Oxygen  was  calculated  by  stoichiometry. 


wt% 

Mg 

0.22 

Al 

0.35 

Ca 

0.20 

Ti 

30.  05 

Fe 

22.71 

Cr 

2.55 

La 

2.  89 

Ce 

1.80 

Yb 

0.07 

Pb 

0.  77 

U 

7.70 

O 

29.91 

Total 

99.32 

Z 

1.305 
1.163 
1.009 
1.028 
1.02  8 
1 . 047 
0.982 
0.984 
1.017 
1.007 
0.  973 


A 

0.822 
0.947 
0.918 
0.964 
0.909 
1 .045 
0.936 
0.936 
0.  933 
1  .245 
0.945 


F 

0.999 
1.  006 
0.955 
0.983 
1. 000 
0.  976 
0.  983 
0.  981 
1 . 000 
0.995 
0.945 


Fc 

1.006 
1 .000 
0.995 
0.997 
1.011 
0.997 
0.998 
0.998 
1 .014 
1.000 
0.997 


CF 

1.202 
1.110 
0.880 
0.976 
0.  948 
1.072 
0.  906 
0.908 
0.  985 
1.252 
0.876 


* 

. 
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Table  23.  Composition  of  autunite  and  me ta-au tuni t e  in 
weight  percentages  end  recalculated  structural  formulae  on 
the  basis  of  12  oxygen  ions. 


Sa  mpl e 

1 

2 

3 

4 

5 

6 

7 

CaO 

5.69 

5.31 

6.56 

5.3 

7. 17 

5.8 

6. 14 

MgO 

— 

— 

0.26 

— 

— 

n.d. 

SrO 

— 

— 

— 

0.34 

— 

n.d. 

(JO  2 

— 

— 

— 

3.07* 

— 

N.D. 

uo3 

58.00 

60.84 

58.  85 

56.91 

63.00 

62.2 

62.58 

P205 

14.39 

13.40 

14.  80 

14.8 

15.95 

17.5 

15.53 

h2o 

21.92 

20.33 

19.60 

18.3 

13.84 

14.5 

15.75 

Total 

100.00 

99.98 

100. 07 

98.72 

99.96 

100.0 

100.00 

Ca 

1 

1.06 

1.13 

0.81 

1 .  13 

0.90 

1 

Mg 

— 

— 

0.01 

— 

— 

Sr 

— 

— 

— 

0.03 

— 

U+fe 

2 

2.11 

1.99 

1.70 

1.95 

1.90 

2 

P 

2 

1.84 

2.02 

1.78 

2.00 

2.  16 

2 

O 

12 

12.00 

12.  00 

12.00 

12.00 

12.00 

12 

e2o 

12 

11.  18 

10.51 

8.66 

6.83 

6.89 

8 

1  Theoretical  composition  of  autunite:  CaO*  2U03  •  P205  •  12H2  O. 

2  Autunite:  Autun ,  France;  Church  (1875). 

3  Autunite:  Mount  Painter,  South  Australia;  Greig  analyst, 
in  Smith  (  1926  ). 

4  Autunite:  Mt .  Spokane,  Washington;  Leo  (1960),  (average 
composition  of  dark  green  autunite).  iuraninite  impurity 

5  Autunite:  synthetic;  Fairchild  (1929).  Probably  meta- 
autuni t e • 

6  Meta-autuni t e ,  Hummer  Mine,  Paradox  Valley,  Colorado; 

microprobe  analysis  (  Cameron-Schi ma nn  )•  H20  is 

calculated  by  difference. 

7  Theoretical  composition  of  meta-autun 1 t e  I  :  Ca0»2U03» 

?2  O 5 • 8H 2C. 

n.d.:  not  detected 

N.D.:  not  determined 


■ 

. 

. 

. 

*  "■  « 


1  17 


Table  24.  Composition  of  me t at or bern i t e  and  meta- 
uranocircite  in  weight  percentages  and  calculated 
formulae  based  on  12  oxygen  ions. 


structural 


Sample 

1 

2 

3 

4 

5 

6 

sio2 

— 

0.40 

n  •  d  • 

CaO 

— 

— 

0.4 

3.40 

_ 

CuO 

8.49 

8.  50 

2.5 

— 

BaO 

— 

— 

8.9 

5.80 

14.57 

15.  16 

uo3 

61.00 

59.67 

64.2 

58.  1  0 

56.36 

56.  56 

P2O5 

15.14 

14.00 

16.1 

14.65 

15.06 

14.  04 

h2o 

15.37 

15.00 

7.9 

17.55 

13.99 

14.24 

Total 

100.00 

97.57 

100.0 

99.50 

100.48 

1 00. 00 

Si 

— 

0.07 

. 

Ca 

— 

0.06 

0.37 

Cu 

1 

1 .03 

0.28 

— 

_ 

Ba 

1 

— 

0.52 

0.60 

0.87 

1 

U+  6 

2 

2.63 

2.01 

1.99 

1.90 

2 

P 

2 

1.91 

2.04 

2.  02 

2.  02 

2 

O 

12 

12.00 

12.00 

12.00 

12.00 

12 

h2o 

8 

8.07 

3.30 

9.  56 

7.12 

8 

1  Theoretical  composition  of  me tatorberni te : 

Cu0«2U03«P205  *802  0. 

2  Metatorberni t e(  ? ) :  Gunnis  Lake  Mine,  Cornwall;  Pisani 
(  1861  ). 

3  Me tatorberni t e  -  me ta-uranoc ire i te :  Vogtland,  Saxony; 
microprobe  analysis  (Cameron-Schimann).  H20  is 
calculated  by  di f fere nee. 

4  Meta-uranocircite  -  au tun ite:  Saint-Priest-La-Prugne, 
France;  Chervet  and  Courtault  analyst,  in  Chervet  (I960). 

5  Meta-uranocircite:  Falkenstein;  Winkler  analyst  in 
Weisbach  (  1 87 7  )  . 

Theoretical  composition  of  meta-uranocircite: 

BaG* 2U03* P2Os •8H2C» 


6 


. 


- 
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Table  25,  'd'-spacings  for  sabugalite  (X-ray  powder 
diffraction).  In  the  first  two  columns,  the  spacings  and 
intensities  from  material  from  Sabugal,  Portugal  (Frondel, 
1&51 )  are  listed.  In  the  last  two  columns,  the  spacings  and 
intensities  for  our  specimen  from  Cisco,  Utah  are  given. 
s:strong;  mXmoderate;  f: weak. 


•d»  ( 1  ) 

I 

(X) 

I 

9.69 

1  0 

9.51 

s 

6.56 

1 

5.59 

1 

4 . 86 

9 

4.87 

s 

4.39 

4 

4.46 

m 

3.47 

S 

3.44 

s 

3.36 

1 

3.22 

1/2 

3.06 

1/2 

2.82 

1 

2.62 

t 

2.45 

2 

2.46 

m 

2.39 

2 

2.37 

t 

2.  19 

6 

2.19 

m 

1.70 

1 

1 . 85 

t 

1.73 

1 

1.74 

f 

1.64 

1/2 

1.63 

f 

1.55 

1 

1 .55 

f 

1.36 

1 

1.35 

f 

« 
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Table  26.  Compositions  of  sabugalite  in  weight 
and  calculated  structural  formulae  based  on  24 


pe  rcen  tages 
oxygen  ions. 


Sample 

1 

2 

3 

4 

A I2O3 

2.87 

6.21 

2.  65 

4.  85 

U03 

64.  41 

6  7.51 

65.22 

63.  10 

P2C5 

15.99 

18.40 

16. 08 

15.40 

h2o 

16.73 

7.88 

15.93 

16.80 

Total 

1 00.00 

100.00 

99.88 

100.15 

Al 

1 

1  .92 

0.  94 

1.70 

U 

4 

3.69 

4.  12 

3.93 

P 

4 

4.02 

4.  10 

4.  05 

O 

24 

24.00 

24.00 

24.00 

h2o 

16 

7.70 

15.98 

16.62 

1 

2 

3 

4 


Theoretical  composition  of  sabugalite: 

SA1(  VO 2  )*•(  PC  4  )4*4H20. 

Sabugalite.  Cisco*  Utah;  microprobe  analysis  (Cameron— 
Schimann);  H2C>  is  calculated  by  difference. 

Sabugalite:  Mina  da  Quarta  Feira,  Sabugal,  Portugal; 
Gonj^e r  analyst,  in  Frondel  (1951).  Ca,  Mg,  Ba,  Cu,  Fe, 
Mn,  and  As  were  not  detected. 

Synthetic  ‘sabugalite*  ;  Mogin  analyst,  in  Frondel 
(  1958  ). 


9 


. 

' 
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Table  27.  Composition  of  carnotite  in  weight  percentages  and 
recalculated  structural  formulae  based  on  12  oxygen  ions. 


Sample 

1 

2 

Na20 

— 

0.35 

K2G 

10.44 

9.58 

CaO 

— 

0  •  64 

MgO 

— 

0.22 

F  e  2  G  3 

— 

0.04 

uo3 

63.42 

65.62 

V2°5 

20.16 

21 . 12 

h2o 

5.98 

1.35 

Rem  • 

— 

0.48 

Total 

100.00 

99.40 

K 

2 

1.74 

U 

2 

2.01 

V 

2 

2.03 

o 

12 

12.00 

h2o 

3 

0.65 

3 

4 

5 

0.  16 

n  •  d 

n.  d. 

10.00 

8.5 

CD 

• 

CD 

0.66 

n  •  d. 

n  •  d. 

0.30 

n  •  d. 

n  •  d. 

0.55 

n  o  d. 

n.  d. 

62.26 

57.8 

63.1 

20.  57 

19.9 

21.6 

4.90 

13.8 

6.0 

0.  37 

— 

— 

99.  77 

100.0 

100.0 

1.86 

1.75 

1 . 75 

1.96 

1.95 

1.95 

2.04 

2.11 

2.11 

12.  00 

12.00 

12.00 

2.45 

7.40 

2.93 

1  Theoretical  composition  of  carnotite: 
2K2O«2UO3»2V205*3H2U. 

2  Carnotite.  cane  Springs  Pass*  Utah.  Hess  and  Foshag 
(1927).  Rem.  includes:  AL203=0.16;  i nso lubl e=0 . 23;  traces 
of  CuO,  PbO  and  P2Os. 

3  Carnotite:  Temple  Mountain,  Utah;  Hillebrand  (1924).  Rem. 
includes:  Cu0=0.07;  SO3=0.26;  i nsolub le=0 . 0 4 . 

4  Carnotite:  unknown  locality  in  Germany;  microprobe 

analysis  (  Came ron- Sch imann  ) •  H20  is  calculated  by 

difference, 

5  Analysis  4  recalculated  on  the  basis  of  'ideal'  6.0% 

( 5 . 98%  )  H20. 


n«d«:  not  detected 


-  -  —  — 
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Table  28.  Composition  of 
and  calculated  structural 

^-uranophane  in  weight  percentages 
formulae  based  on  11  oxygen  ions. 

Sample 

1 

2 

3 

4 

5 

6 

CaO 

6.55 

7.32 

7.  1 

6. 1 

6 . 3 

6.  7 

uo3 

66.80 

66.29 

66.  9 

66.5 

63.0 

67.2 

SiC2 

14.03 

13^11 

12.  9 

13.  1 

12.6 

13.5 

h2o 

12.62 

12.87 

12.6 

14.3 

IS.  1 

12.6 

co2 

— 

tr 

— 

tr 

Total 

100.00 

99.59 

99.  5 

100.0 

100.0 

100.0 

Ca 

1 

1.15 

1.11 

0.  95 

1.04 

1 . 04 

U 

2 

2.0  1 

2.  05 

2.03 

2.03 

2.03 

Si 

2 

1.91 

1.  87 

1.90 

1.94 

1 . 94 

0 

1 1 

10.94 

10.74 

10.83 

10.84 

10.84 

h2o 

6 

6.18 

5.  98 

6.71 

9.15 

6.00 

1  Theoretical  cpaposition  of  /9-uranophane : 

CaO«2UO3«2Si0  2*6H20. 

2  Uranophane:  Joachimst hal ;  Novacek  (1935),  on  7.5  mg.  CC2 
present  in  small  amount  of  impurities,  not  determined. 

3  Uranophane:  Wolsendorf,  Bavaria;  Novacek  analyst,  in 
Steinocher  and  Novacek  (1939),  on  2mg.. 

4  Uranophane:  Bigay,  Puy-de-Dome,  France;  Branche  e  t  jil . 

(  1951  ). 

^  ^"Uranophane:  Charlebois  Lake,  Saskatchewan;  microprobe 
analysis  (  Cameron-Schiaiann  )•  H20  is  calculated  by 

difference • 

6  Analysis  5  recalculated  on  the  basis  of  •ideal*  12.6% 

K2  O  . 


. 

. 

• 

' 

, 
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Table  29.  Composition  of  soddyite  in  weight  percentages  and 
recalculated  structural  formulae  based  on  19  oxygen  ions. 


Sampl e 

1 

2 

3 

4 

Si02 

7.51 

7.24 

7.87 

7.8 

Fe203 

— 

— 

— 

0.5 

PbO 

— 

- 

— 

1 .7 

uo3 

86.19 

86.24 

85.27 

87.4 

h2o 

6.30 

6.50 

6  •  26  t 

2.6 

Total 

100.00 

10  0.  00 

100.00 

100.0 

Si 

2.14 

2.  00 

2.  15 

2.  13 

Fe 

— 

— 

— 

0.10 

Pb 

— 

— 

— 

0. 12 

U 

4.90 

5.  00 

4.90 

4.82 

O 

19.00 

1  9.  00 

19.00 

19.00 

h2o 

5.72 

6.  00 

5.68 

2.51 

1  Theoretical  composition  of  soddyite  for  the  structural 
formula:  1 2UO 3 • SSi02 « 14H2 O. 

2  Theoretical  composition  of  soddyite  for  the  structural 
formula:  5UC>2  •  2  SiC>2  •  6H2G. 

3  Kasolo,  Katanga  district  Belgian  Congo  (now  Zaire); 
Schoep  (1930)  average  of  three  partial  analyses. 

t  probably  6.86%  H20. 

4  Ka t anga  Belgian  Congo  (now  Zaire);  micr opr o b e  analysis 
(Cameron-Schlmann);  H20  is  calculated  by  difference. 


• 

• 

- 
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Table  30.  Composition  of  thorogummite  in  weight  percentages 
and  recalculated  atomic  proportions  for  the  structural 
formula:  Th • (  1^4x  )(  SiO 4  )  . 4< OH  )  .  The  amount  of  (  OH ) 4  (i.e.t 
x)  has  been  calculated  in  amount  needed  for  valence 
compensation  of  the  cations. 


Sample 

1 

2 

3 

4 

Th02 

41 .44 

24.46 

21.20 

43.  1 

UO3 

22.  43 

37.33 

18.63 

4.7 

( Ce , La )  2  O3 

6.69 

0.12 

0.08 

2.1 

(  Y,Er  >203 

0.32 

9.47 

n.d. 

Nb2Os 

— 

— 

7.81 

n.d. 

CaO 

0.41 

1.62 

— 

10.0 

MgO 

— 

0.16 

— 

n.d. 

PbO 

2.16 

7.78 

0.17 

1.5 

A  I2O3 

0.96 

— 

8.84 

1.9 

Fe  2  O3 

0.84 

— 

2.84 

n.d. 

sio2 

13.08 

15.30 

14.43 

24.4 

P2O5 

1.19 

— 

2.65 

2.4 

h2o+ 

7.88 

8.37 

7.82 

N.D. 

h2o~ 

1.23 

4.19 

5.61 

11.7 

Rem 

— 

0.40 

8.28 

— 

Total 

98.32 

100.05 

100.05 

101.8 

Sa  mp le 
Sa  mple 
Sa  mple 
Sample  4: 

1 


1 : 
2: 
3: 


1 .72H2o 

A^0.04 j 


2 

3 


[  Th0  .  ♦9U^2  4Ceo.i3Alo.a6Fe^03Cao  „02Pt>0 .03] 

[  <  NbO  4  )0. 6  7<  PO4  )o.5<  (  OH) 4  )0.3  ]•  1 ,57H20 

C  Tho .01 Pbo . 12] 

[  (  Nb  O4  )q#  8  7  (  (  OH)*  )0.28  ]-2.3SH20 
[ Th0 . 1 9  u+6 o e J 5  Nbo.l7Alo.40  Feo.09] 

[<  Si04  )o.56?04  )o.09((  OH  >4  >0.33  ]• 

[  Tho. 35  U^*o*Ceo.  0  3  0ao .39  .01  Sio . I  4 

[(  3104)0.  75  t  FO4  >0.07  ]•  1  .30H20 
Thorogummite:  Baringer  Hill,  Texas;  Hidden  and  Mackintosh 
(1889).  Atomic  weight  of  rare-earths  given  as  135. 
Thorogummite  ( nicolayite  ):  Wodgina,  Western  Australia; 
Simpson  (  1930  ).  Rem : (  Nb , Ta  )2  0s=0.40. 

Thorogummite:  Haicheng  Prefecture,  South  Manchuria; 
Yosimura  and  Yaraada  analysts  in  Hemni  (  1951  )•  Rem.: 
BeO=0.l6;  SnO2=0.31;  Nb2Os=7.81.  Atomic  weight  of  (Y,Er) 
given  as  120. 

Thorogummite:  flelaf a,  Madagascar;  microprobe  analysis 
(  Ca me ron— Sch i mann  )  •  H20~  includes:  loss  between  110*C  = 

4.86;  loss  between  110"-750*C  =  5.98;  loss  between  750"- 
1500 "c  =  0*88. 


n.d.:  not  detected 
N.D.:  not  determined 


< 


• 

-• 
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Table  31.  Composition  of  uranothorianite  i 
percentages  and  structural  formulae  based 

n  weight 

on  8  oxygen  ions. 

Sample 

1 

2 

3 

4 

5 

CaO 

— 

— 

0.42 

0.1 

0.  1 

PbO 

1.80 

2.66 

3.99 

4.0 

4.0 

(  Cej La  ) 20 3 

— 

1.41 

— 

n.d. 

n.d. 

F  e  2Os 

0.29 

1.54 

— 

n.d. 

t  r 

uo2 

4.73 

— 

— 

tr 

u3oe 

— 

14.54 

27.94 

29.6 

uc3 

— 

— 

— 

25.2 

Th02 

93.02 

78.00 

64.61 

62.4 

62.4 

h2o 

— 

— 

0.14 

2.9 

2.9 

Rem. 

— 

2.  04 

2.18 

N.D. 

N.D. 

Total 

99 . 84 

100.  19 

97.28 

94.6 

99.  0 

Ca 

— 

— 

0.07 

0.02 

0.02 

Pb 

0.10 

0.11 

0,  17 

0. 18 

0.18 

Ce,  La 

— 

0.07 

— 

Fe 

0.05 

0.18 

— 

— 

U 

0.23 

0.49 

0.98 

0.98 

1 . 09 

Th 

3.70 

2.81 

2.40 

2.43 

2.44 

Rem. 

— 

0.28 

0.17 

— 

O 

8.00 

8.00 

8.00 

8.00 

8.  00 

e2o 

.. 

0.08 

1.65 

1.66 

1  Thorianite 

:  Bet  r 0  k  a 

»  Madagascar 

;  Pisani 

analyst  t 

i  n 

Lacroix  (  1922). 

2  Thorianite 

:  Ceylon; 

Kobayashi  (1912).  Rem:  Sc203 

=0.46; 

CuO=0. 02; 

SiO2=0. 20 

;  Zr02=0. 09; 

A 1 2.  0  3  —  0 

.15;  ignition 

1 oss= 1 .12. 


3  Thorianite:  Ceylon;  Hecht  (1933)  Rem.:  insoluble=  0.15; 
Sn02( ?)=0.31 ;  REE=0.031;  ( Fe, Al )2 03= . 80 ;  Ti02=0.33; 
Zr02=0.56;  H20  includes  loss  between  110"— 300*C  =  0.04; 
loss  between  300*— 1000*C  =  0.10. 

4  Uranothorianite:  Galle,  Ceylon;  microprobe  analysis 

(  Caroeron-Schi mann ) ;  H20  includes:  loss  between  110"-300*C 

=  0.31;  loss  between  300"— 1000*C  =  2.55. 

5  Analysis  4  with  all  U  calculated  as  U3O0. 


n.d.:  not  detected 
N.D.:  not  determined 


« 
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CHAPTER  VII 


BA IE  JOHAN  BEETZ 


A-_  DESCRIPTION 

1.  LOCALIZATION 

The  Baie  Johan  Beetz  region  is  part  of  the  eastern 
Grenville  Province.  It  is  situated  on  the  north  shore  of  the 
Gulf  of  St.  Lawrence  in  the  vicinity  of  the  village  of  Baie 
Johan  Beetz,  which  is  55  km  east  of  Havre  St  Pierre  and  250 
km  east  of  Sept— Isles  (fig.  7). 
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Fig.  7  Geology  of  the  Boie  Johan  Beetz  area,  Quebec,  and  location  of  samples. 
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2.  PREVIOUS  WORK 

Mapping  of  the  area  (fig,  7)  was  done  at  a  scale 
of  1  mi :  1  inch  by  Depatie  (  1964-1965  ),  Cooper  (  1957)  and 
Blais  (1955).  In  1975,  the  Geological  Survey  of  Canada  made 
an  airborne  gamma- ray  spectrometer  survey  at  a  spacing  of  5 
km  over  the  whole  area  and  at  a  spacing  of  1  ktn  over  the 
central  part  of  the  area. 

Radioactivity  in  the  area  was  first  noted  in  the 
^  *  ies  »  but  intensive  exploration  was  not  initiated 
until  1966  when  a  number  of  companies  acquired  mineral 
rights  over  the  area.  Search  for  uranium  extended  from  the 
Saguenay  River  to  Blanc  Sablon,  Results  of  the  1967  and  1968 
seasons  have  been  summarised  by  Baldwin  (1970).  Renewed 
activity  since  1973  on  many  prospects  has  not  yet  defined 
any  mineable  uranium  deposit.  During  the  summer  of  1976,  the 
author  had  the  opportunity  to  visit  part  of  this  area  with 
K.  Schimann  while  working  on  various  prospects  for  Rouanda 
Mining  Co.  Ltd.,  a  subsidiary  of  Texasgulf  Inc.. 


- 
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0.  GEOLOGY 


The  area  (fig,  7)  covers  the  southern  part  of  a 
north-trending  synclinal  basin  which  extends  over  3600  sq 
km.  This  basin  is  occupied  by  the  Wakeham  Group.  The  main 
units  of  this  group  are  quartzites  and  calcareous  quartzites 
cut  by  sills  of  gabbro;  these  rocks  are  metamorphosed  into 
greenschist  and  anphibol ite  facies;  they  have  been  similarly 
deformed.  A  basement  of  cjuar  tzo-f  eldspa  t  hi  c  gneisses, 
surrounds  the  basin.  Metasediments,  metagabbros  and  gneisses 
are  cut  by  granites  (Wynne-Edwards,  1972). 

Quartzo-f eldspathi c  gneisses,  me tasedi men ts , 
metagabbros  and  granites  all  crop  out  in  the  Bai e  Johan 
®ee^2  area  (  fig*  7  ).  The  eastern  part  is  occupied  by 
migmatites  and  augen  gneisses  ( quartzo-f eldspathi c 
gneisses).  The  major  structural  trends  in  this  eastern  part 
of  the  area  are  N\t~SE  and  E—  W .  In  the  central  and  eastern 
parts  of  the  area,  the  metas edimentary  rocks  and  gabbros 
strike  N— S  to  NE-SW  and  appear  to  wrap  around  the  Lac 
Turgeon  and  the  Lac  Ferland  granites.  Smaller  granitic 
bodies  occur  within  the  Wakeham  Group  where  they  are  mostly 
concordant  with  the  general  structure,  and  within  the 
migmatites  where  they  also  occupy  the  cores  of  major  folds. 

Paleozoic  sediments  are  present  in  the 
southwestern  part  of  the  area  (fig.  7). 
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Bs.&ement  tinelssps 

Biotite  gneiss,  augen  gneiss  and  migmatites  occupy 
the  eastern  part  of  the  map  area  (fig.  7).  They  have  been 
briefly  described  by  Blais  (1955).  Migmatites  or  banded 
granitic  gneiss  occupy  the  core  of  major  anticlinal  folds. 
The  migmatites  are  flanked  by  augen  gneiss,  which  in  turn 
are  bordered  by  quartzo-f eldspat hie  hornblende-bio ti te 
gneiss  or  paragneiss  (Blais,  1955  ). 

Wakeham  basin 

The  metasediments  which  occupy  the  Wakeham  basin 
constitute  the  Wakeham  Group  (McPhee,  1959);  they  are  cut  by 
si lls  and  dykes  of  metagabbro. 

Wakeham  Group 

Metasediments  are  widely  distributed  over  the 
central  and  western  parts  of  the  area  (fig.  7),  where  they 
occur  in  bands  of  irregular  width  separated  by  sills  of 
metagabbro.  In  the  Bai e  Johan  Beetz  area,  Cooper  (1957)  has 
dis tinguished  two  broad  types  of  me tas edimen ta ry  rocks.  The 
first,  by  far  the  most  common,  includes  fine-grained,  light 
to  dark  grey,  impure  quartzites.  Carbonate-,  hematite-,  and 
rutile-bearing  quartzites  are  interbedded  in  small  amounts. 
The  second  and  minor  type  comprises  micacecous  quartzites, 
quartz-biot ite  schist  and  gneiss,  and  biotite  schist;  all 
are  commonly  interbedded  with  varying  amounts  of  dark  grey 
quartzite;  rocks  of  this  second  type  crop  out  east  of  Lac 
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Veronique.  Minor  amounts  of  coarsely  crystalline  limestone 
and  a  small  lens  of  conglomerate  have  also  been  reported# 

The  quartzites  coamonly  exhibit  primary  bedding,  and  less 
frequently,  ripple  marks  and  cross-beddi ng.  The 
stratigraphic  relations  between  the  two  types  of  sediments, 
as  reported  by  Cooper  (1957),  are  not  clear,  but  it  seems 
reasonable  to  suppose  that  the  stratigraphy  proposed  by 
Grenier  (1957)  for  the  Lake  Beetz  area,  a  region  Located 
imfnediat  ly  north  of  -the  Bale  Johan  Beetz  area,  is  also  valid 
for  the  latter;  the  more  so  in  that  it  corresponds  to  the 
probable  stratigraphy  in  the  Victor  Lake  area,  northwest  of 
the  Baie  Johan  Beetz  area.  In  Lake  Beetz  area,  Grenier 
(1957)  recognized  a  stratigraphic  sequence  composed  as 
follows!  in  ascending  order,  "first  are  the  quartzose 
schists  interstratif ied  with  impure  quartzites,  then 
relatively  pure  quartzites,  succeeded  finally  by  calcareous 
quartzites  and  phyllitic  beds  interstratif ied  with  pure 
quartzites."  A  geological  map  of  Victor  Lake  area  (Sharma, 
1973)  shows  peLitic  paragneisses  with  interlayered 
quartzitic  bands  in  its  upper  parts,  overlain  by  calcareous 
quartzites;  the  upper  unit  contains  a  marker  horizon  of 
black  schist  and  pink  crystalline  limestone.  These 
metasediments  are  wrapped  around  massifs  of  gneissic  granite 
which  could  be  interpreted  as  basement  gneiss  domes 
(K.  Schimann,  pers.  comm*,  1976;  Bourne  e  t  a l .  .  1977). 

Thus  it  appears  that  the  first  type  of 
metasediments  distinguished  by  Cooper  (  1957  )  corresponds  to 
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the  upper  part  of  the  Wakeham  Group  while  the  second 
corresponds  to  the  lower  part, 

Migraatites  have  been  described  by  Cooper  (1957). 
They  occur  east  of  Bale  Victor  and  between  Baie  Johan  Beetz 
and  Baie  Pontbriand*  They  are  composed  of  rocks  of  the 
Wakeham  Group  and  of  amphibolites  injected  and  partially 
assimilated  by  granitic  material.  The  raigmatites  east  of 
Baie  Victor  seem  to  be  associated  with  the  contact  with  the 
granite  while  the  others,  east  of  Baie  Johan  Beetz,  are 
situated  at  the  boundary  between  basement  gneisses  and  the 
Wakeham  Group. 

Met agabbros 

In  the  area  shown  in  figure  7,  rnetagabbros 
underlie  a  surface  about  half  the  size  cf  that  of  the 
me tasediments.  They  intrude  rocks  of  the  Wakeham  Group  in 
sill“like  bodies  and,  locally,  also  occur  as  dykes  and  small 
discordant  bodies;  they  are  older  than  the  granites  which 
contain  inclusions  of  both  rnetagabbros  and  metasediments. 
Fresh  gabbros  have  been  reported  in  neighbouring  areas  only 
(Claveau,  1949;  Grenier,  1957).  In  the  Baie  Johan  Beetz 
area,  the  rnetagabbros  are  characterized  by  complete 
uralitization  of  pyroxenes,  saussur i t izati on  and 
albitization  of  plagioclase  and  to  a  lesser  extent,  by 
introduction  of  alkalies,  tourmaline  and  apatite.  Cooper 
( 1957)  has  divided  them  into  four  types,  based  on  their 
degree  of  alteration,  namely:  uralite  gabbro,  amphibolite, 
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amphibolite  gneiss  and  hybrid  rocks  j_ •  £*,  hornblende-rich 
rock  and  quartz  diorites.  He  reports:  "The  change  from 
gabbro  to  amphibolite  and  from  this  to  gneiss  and  finally  to 
hybrid  rocks  is  gradual*  Uralite  gabbro  is  found  in  the 
northern  two-thirds  of  the  area  and  amphibolite  in  the 
southern  third*  The  remaining  two  types  are  much  more  local 
and  form  phases  of  the  series  (gabbroic  )  in  the  vicinity  of 
granite,  where  the  alteration  is  more  intense*  Amphibole 
gneiss  occurs  on  the  east  side  of  the  main  granite  mass  (Lac 
Turgeon  granite),  and  hybrid  rocks  on  the  south  side." 

Younger  intrusive  rocks 

The  younger  intrusions  are  of  granitic  composition 
and  occur  throughout  the  whole  area  shown  in  figure  7.  On 
the  basis  of  their  size,  they  may  be  divided  into  two  types: 

1-  large  bodies  such  as  the  Lac  Turgeon  and  the  Lac 
Ferland  granites; 

2—  smaller  masses,  sills  and  dykes* 

Both  types  are  very  heterogeneous  in  texture,  ranging  from 
fine-grained  to  pegmati tic;  their  composition  varies  from 
granite  to  quartz  diorite*  In  general  they  contain  abundant 
inclusions  of  basement  gneisses  and  of  quartzites,  arkoses, 
biotite  schists,  and  amphibolites  of  the  Wakeham  Group* 
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1-  Large  bodies 

Their  relation  with  the  country  rocks  is 
controversial.  Cooper  (1957)  has  reported  that  the  intrusive 
character  of  the  Lac  Ferland  and  the  Lac  Turge  on  granites  is 
evident  since  these  exhibit  cross-cutting  relations  with  the 
surrounding  rocks  and  because  large  tongues  of  grani te  cut 
indiscriminately  across  both  the  rae tas ed iments  and  the 
metagabbros*  Hauseux  (  1976  ) f  on  the  other  handy  has  reported 
that  the  contact  between  the  Lac  Turgeon  granite  and  the 
metasediments  is  either  sharp  or  diffuse,  and  mostly 
comformable  to  bedding  but  can  transgress  it  abruptly. 
"Sedimentary  bedding  can  often  be  traced  into  the 
neighbouring  granite;  elsewhere,  the  granite  is  banded 
parallel  to  sedimentary  bedding  but  is  isolated  from  the 
actual  sediments."  It  should  be  noted  that  the  Lac  Ferland 
granite  is  coarser  grained  than  the  Lac  Turgeon  granite. 


2—  Smaller  masses,  sills,  and  dykes 

These  occur  in  the  Wakeham  Group  around  the  Lac 
Turgeon  granite  and  in  the  basement  gneisses  to  the  west. 
They  tend  to  be  concordant  to  the  general  or  structural 
trend  either  as  sills  or  as  small  masses  in  the  core  of 
folds  of  basement  gneisses.  In  general,  they  are  more 
pegmatitic  than  the  large  bodies,  in  particular  a  phase  of 
white  muscovite  pegmatite  often  with  graphic  texture  is 
common  within  this  group  but  rare  in  the  large  bodies  where 


it  is  only  found  in  the  border  zone 
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Paleozoic  sediments 

Paleozoic  sediments  occur  in  the  south-western 
part  of  the  Bale  Johan  Beetz  area  (fig.  7).  They  are 
represented  by  the  Lower  Ordovician  Romaine  Formation  which 
consists  of  stroma  toll  tic  dolomite  with  a  thin  basal  veneer 
of  orthoquart izi t ic  sandstone  (Poole  et  al. ,  1970). 


4.  CHRONOLOGICAL  RELATIONSHIPS 

The  oldest  rocks  of  the  Bale  Johan  Beetz  area 
(fig.  7)  are  the  migmatites  and  augen  gneisses.  The  Wakeham 
Group  rests  on  the  migmatites  and  gneisses;  it  begins  with 
quartzose  schists  and  impure  quartzites  with  minor  pelitic 
bands  followed  upwards  by  white  quartzites  which  contain 
about  10  percent  feldspar  and  minor  biotite  and  muscovite; 
above  these,  the  quartzites  become  fine-grained,  dark  grey, 
calcareous,  and  may  be  thinly  bedded  and  intercalated  with 
phyllites.  The  sediments  are  cut  by  sills  and  dykes  of 
gabbro.  Sedimentary  rocks  and  gabbros  have  been 
metamorphosed  and  deformed  similarly.  Basement  rocks, 
metasediments  and  laetagabbros  are  cut  by  granites  (Cooper, 
1957;  Grenier,  1957). 
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5.  MET A MORPHISM 

The  degree  of  met amorphi sra  of  the  Wakeham  Group  is 
difficult  to  ascertain  because  of  the  lack  of  characteristic 
assemblages.  Met  a morph ic  minerals  in  the  terrigenous 
sediments  of  the  Wakeham  Group  in  the  Baie  Johan  Beetz  area, 
are:  muscovite,  biotite,  garnet,  epidote,  chlorite, 
am phi bo le  and  scapolite?  in  the  crystalline  limestone,  the 
Assemblage  calcite  +  diopside  +  jrthoclase  has  been 
described  (Cooper,  1957 K  These  place  the  degree  of 
metaraorphism  in  greenschist  to  amphibolite  facies. 

The  gabbros  vary  from  urnne t a raorpho se d  in  certain 
parts  of  Lac  Beetz  area  (Grenier,  1957),  to  uralite  gabbros 
with  the  assemblage  albite  +  tremoli te-act inoli te ,  or, 
albite  +  blue-green  hornblende  in  the  northern  two  thirds  of 
Baie  Johan  Beetz  area,  and  finally  to  amphibolite  with  the 
assemblage  oligoc lase— andesi ne  +  green  hornblende  ± 
cummingtonite  in  the  southern  third  of  the  latter.  The  above 
indicate  a  southward  increase  from  greenschist  to  mid- 
amphibolite  facies.  This  trend  is  corroborated  by 
observations  of  Bourne  ej£  aJL*  (  1977)  who  have  placed  the 
metased intents  of  the  northern  end  of  the  Wakeham  basin 

approximately  50  km  north  of  Baie  Johan  Beetz  area) 
in  the  middle  to  upper  greenschist  facies. 

A  southward  increase  in  metamorphlc  grade  also 
correlates  with  the  style  of  intrusion  of  the  granites. 
Indeed,  truly  discordant  intrusions  occur  in  the  northern 
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pa.r"t  of  the  basin*  for  example  the  two  granitic  bodies 
mapped  by  Sharma  and  Jacoby  (  1973)  some  35  km  north  of  the 
Bale  Johan  Beetz  area;  while*  in  the  southern  part*  the 
intrusions  are  less  distinctly  discordant,  like  the  Lac 
Turgeon  granite,  to  mostly  concordant,  like  the  small  masses 
and  si 11s. 

Superimposed  on  the  regional  metamorphic  trend  is 
a  metasomatic  alteration  of  the  metagabbros  related  to  the 
granites.  This  alteration  is  narked  by  the  presence  of 
scapolite  and  tourmaline  increasing  in  amount  toward  the 
intrusions . 

6.  MINERALIZATION 

The  north  shore  of  the  Gulf  of  St.  Lawrence  is  a 
uranium— thorium  me ta 11 ogeni c  province*  the  main  known 
occurrences  are  near  Sept-Iles,  Bale  Johan  Beetz,  Romaine 
and  St  Augustin.  The  host  rocks  of  uranium  and  thorium  are 
masses*  dykes*  and  sills  of  granitic  rocks. 

In  the  Bale  Johan  Beetz  area*  the  main  showings 
are  located  in  the  Lac  Turgeon  granite,  and  in  smaller 
bodies  in  the  vicinity  of  the  village  of  Baie  Johan  Beetz 
and  west  of  Lac  Costebelle.  The  U/Th  ratio  of  the  granites 
ranges  from  O.i  to  10  with  values  clustering  between  1.5  and 
4. 


Within  the  granites*  radioactivity  occurs  either 
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in  sma 1 I  pods  0.3  to  30  m  in  diameter  or  disseminated  over 
larger  surfaces  (  150  in  in  diameter)*  On  a  regional  scale* 
Hauseux  (1976)  reports  that  "zones  of  uraniferous  pods  lie 
in  broad  bands  which  are  approximately  parallel  to 
sedimentary  bedding*"  This  has  also  been  observed  by  K* 
Schinrann  (  pers*  comm*  *  1977)  but  only  for  radiometric 

anomalies  in  granitic  sills  intruding  either  the  Wakeham 
Group  near  the  margin  of  the  Lac  Turgeon  granite  or  the 
basement  gneisses  in  the  eastern  part  of  the  area. 

Hauseux  ( 1976)  has  studied  the  mode  of  occurrence 
of  uranium  in  the  Lac  Turgeon  granite.  Her  work  has  revealed 
"that  uranium  mineralization  is  confined  to  the  plagioclase- 
rich  granite  cha rac ter iz ed  by  brick-red  feldspar,  smoky 
quartz,  magnetite,  a  coarse  to  pegmatitic  grain  size,  and 
rarer  uranium  stain."  She  proposed  that  "the  bulk  of  uranium 
is  contained  within  me  tamict  zircon  and  sparse  microscopic 
uraninite,  and  also  within  magnetite  maybe  as  submi c roscop ic 
uraninite  from  which  uranium  could  be  leached  and  relocated 
in  fracfure-filling  matrices."  Phosphurany l i te  and 
uranophane  have  also  been  reported  but  they  represent  only  a 
minor  amount  of  uranium. 
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7.  CONSIDERATIONS  ON  THE  OKI  GIN  OF  THE  GRANITES 


In  the  Bale  Johan  Beetz  area  (fig.  7),  the  uranium 
appears  conlined  to  the  granites.  Therefore |  knowledge  of 
their  mode  of  origin  may  shed  light  on  the  origin  of  the 
uranium  mineralization  in  this  part  of  the  Grenville 
Pr ovi nee • 


genesis 

1- 

2- 

3- 

4- 


Features  of  the  granite  pertaining  to  their 
are : 

contact  relations  with  the  country  rocks; 

structural  position; 

compo  si ti on; 

type  of  inclusions. 


1“  Contact  relatippc;  ;  Contact  between  the  granites  and 
their  country  rocks  is  variable.  The  granites  are  truly 
discordant  north  of  the  Bai  Johan  Beetz  area  (fig.  7),  less 
discordant  in  the  case  the  Lac  Turgeon  granite  and  mostly 
concordant  in  that  of  the  smaller  masses  and  sills.  Contacts 
between  sills  and  gabbros  are  usually  sharp  while  those 
between  sills  and  quartzites  may  be  gradational. 

2-  Structural  Position  :  Emplacement  of  the  granites  appears 
highly  dependant  on  the  structure  and  competence  of  the 
country-rocks  as  they  tend  to  be  situated  in  position  of 
less  resistance.  In  the  metasediments  and  metagabbros,  the 
granites  occur  mostly  as  sills  between  the  sediments  and  the 


gabbros,  and,  for  the  Lac  Turgeon  granite,  as  a  major 
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anti  forma l  struc  ture «  In  the  basement  gneisses*  they  occur 
mostly  in  the  noses  of  folds  or  as  sills.  The  Lac  Ferland 
granite  seems  to  cut  across  a  synclinal  structure  of  Wakeham 
Group  rocks  and  metagabbrosj  according  to  Cooper  (1957)  this 
granite  predates  the  Lac  Turgeon  granite. 

3“  £gmpo,.gj.i;t  i  oja  •  Average  mi  ne  ralogi  cal  compositions  of  the 
c  Turgeon  and  the  Lac  Ferland  granites  are  given  below 
(table  32).  These  compositions  are  compatible  with 
compositions  obtained  from  the  anatexis  of  quartzo- 
feldspathic  rocks  of  micaschists  at  temperatures  of  650*  to 
75 0*C  and  pressures,  (H20)  of  2  to  6  kb  (Winkler,  1974). 

Table  32.  Average  mine  ralogi cal  composition  of  the  Lac 
Turgeon  and  Lac  Ferland  granites,  from  petrological  study  by 
Cooper  (  1957  ). 

Lac  Turgeon  Lac  Ferland 


Quartz 

25-35 

25 

bi ot i te 

5-15 

15 

K-feldspar 

30-45 

40 

plagi oc la  se 

15-25 

20 

( Ani *-i7 ) 

(  An 

4*“  IXB.fi — Q.£..  -i.ncJ.usi  ong?  •  The  Lac  Turgeon  granite  includes 
fragments  of  tne  t  a  gabhros  and  me  tased  laents  of  the  Wakeham 
Group.  The  frequency  of  inclusions  of  the  various  types  of 
metasediments  seems  to  be  correlated  with  their  relative 
amount  in  the  Wakeham  Group  east  of  it.  It  should  be  noted 
that  arkose  inclusions  are  also  present;  arkoses  are  found 
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in  the  Victor  Lake  area  (Sharma,  1973),  though  none  have 
been  described  in  the  Baie  Johan  Beetz  area.  No  inclusions 
of  basement  gneisses  were  identified.  The  inclusions  in  the 
Lac  Turgeon  granite  occur  in  elongated  zones  reminiscent  of 
the  sedimentary  bedding. 

Information  pertaining  to  the  genesis  of  the 
granites  may  also  be  gathered  from  observations  on  the 
surrounding  rocks  and  general  geology: 

1-  composition  of  the  Wakeham  Group; 

2*"  composition  of  the  basement  gneisses; 

3-  presence  and  type  of  m igrcat i te s ; 

4—  me  tamorphic  zona, tion. 

1-  Composi tion,  of  tfoe  Wa^eLa^  Group  :  On  the  whole  the 
Wakeham  Group  is  highly  siliceous.  Certain  compositions 
likely  to  yield  large  amounts  of  anatectic  melts,  like 
biotite  schists  and  gneisses,  form  only  a  small  proportion 
of  the  Wakeham  Group.  Arkosic  formations  have  been  reported 
in  the  Victor  Lake  area  (Sharma,  1973)  some  35  km  north  of 
the  Baie  Johan  Beetz  area,  but  none  have  been  found  among 
the  sediments  of  the  latter. 

2-  £oapPSl^l.pg  of _ the  basement  gneisses  :  These  are  mostly 

quar tzo-f eldspat hie  gneisses  and  so  ideal  starting  material 
for  the  generation  of  large  amounts  of  anatectic  melt. 

3~  Lr.gs.epce  and  type  Of  migmatites  :  Migroatites  occur  in  the 
vicinity  of  the  Lac  Turgeon  granite  and  between  Baie  Johan 


Beetz  and  Baie  Pontbriand.  They  are  considered  to  be 
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injection  gneisses  and  "thus  a  product  rather  than  a  source 
of  granitic  melt.  It  should  be  noted  also  that  the  smalt 
granitic  masses  and  sills  are  more  abundant  in  the  southern 
part  of  the  Baie  Johan  Beetz  area. 

MS-tamorph ic  zonation  :  Metamorphism  Increases  from  North 
to  South  in  the  Wakeham  basin  and  ranges  from  greenschist  to 
amphibolite  facies. 

Hypothesis  for  the  formation  of  the  arani 

4  hypothesis  for  the  formation  of  the  granites 
needs  to  account  for: 

1-  mechanism:  anatexis  _in  situ  or  intrusion  from  a 
deeper  source. 

2—  -source  rock:  Wakeham  Group  or  basement  rocks. 

in _ Mechanism  :  Me tamorph i sra  in  the  Wakeham  basin  corresponds 

to  temperatures  lower  than  that  required  for  the  formation 
of  an  anatectic  melt,  therefore,  the  granites  could  not  be 
formed  iii  si  t  u  •  This  is  emphasized  by  the  presence  of 
injection  migmatites  only  and  by  the  absence  of  migmatites 
formed  by  segregation  of  granitic  liquid. 

2—  Source  rock  :  The  basement  rocks  have  a  granitic 
composition  and  are  a  suitable  source  for  large  amount  of 
granitic  melt  while  rocks  of  the  Wakeham  Group  likely  to 
yield  granitic  melt,  are  present  in  minor  quantities.  In 
addition,  the  proportions  of  various  types  of  sediments 
occurring  as  inclusions  in  the  Turgeon  granite  are  similar 


to  those  found  in  the  Wakeham  Group  outside.  This  makes  the 
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formation  of  granitic  melt  by  partial  anatexis  of  suitable 
members  of  the  Wakeham  Group,  unlikely.  Also,  in  the  area 
(fig*  7),  uranium  is  associated  with  granitic  material  only, 
and  no  significant  rad io ac ti vi ty  has  been  registered 
anywhere  in  the  metasediments* 

The  hypothesis  proposed  for  the  formation  of  the 
granites  is  thus:  fusion  of  basement  rocks  within  deeper 
le vel s  of  the  crust  and  intrusion  at  the  vario us  levels  at 
which  they  are  now  observed* 


B-  ANALYSIS 

Eighteen  samples  were  collected  in  the  Bale  Johan 
Beetz  region;  their  location  is  shown  on  figure  7*  All  were 
chosen  from  zones  of  high  radioactivity  independant  of  rock 
type*  Identifications  and  petrographic  descriptions  for 
these  samples  are  given  in  appendix  IV* 

The  main  constituents  for  all  the  samples  are 
quartz,  plagioclase,  K-f eldspar,  and  often  biotite* 

Muscovite  and  garnet  may  also  be  present*  Minor  constituents 
include:  chlorite,  calcite,  magnetite,  ilmenite,  apatite, 
sphene ,  brookite,  stilpnomelane,  uraninite,  monazite, 
allanite,  t i tanobet a f i te ,  xenotime  and  churchite,  zircon, 
thoroguramite,  and  samarskite. 


Phases  investigated  in  more  detail  are  uraninite, 
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ti tanobetalite *  sawarski te,  allanite,  xenotime  and 
churchitef  thorogummi te»  and  zircon*  Apati te  is  uranium  free 
in  our  samples,  it  was  not  analysed  quantitively* 


1.  URANINITE 

Uraninite  is  automorphous  to  roundish,  generally 
fractured,  and  occasionally  heraatized.  In  some  samples 
fractures  in  the  uraninite  are  filled  by  a  slightly 
greenishy  opaque  material;  some  grains  are  made  of  this 
material  onlyf  while  others  are  free  of  it*  In  general, 
uraninite  tends  to  cluster  together  with  other  accessory 
minerals  such  as  zircony  monazitey  and  xenotime* 

The  uraninite  has  a  fairly  uniform  composition;  no 
zoning  could  be  detected.  Its  constituents  are  uraniumy 
leady  thoriumy  rare*-eartbsy  yttrium,  and  minor  amounts  of 
calciuniy  irony  and  silicon*  Results  of  analyses  are  listed 
in  table  33*  Calciumy  irony  and  silicon  were  analysed;  their 
content  is  uniform  from  6ne  grain  to  another;  they  sum  to 
0*5— 0.7  wt%  when  calculated  as  oxides  (Fe203  =  O.lly  CaO  = 

0. 38,  Si02  =  0*16  wt% ) •  Rare-earth  content  is  low  and  was 
determined  for  two  specimens  only,  those  with  the  highest 
rare-earth  contents.  One  is  from  granitic  material  (JB-lB), 
while  the  other  is  from  fracture  filling  material  (JB— 9)* 

The  rare-earth  content  is  equal  to  1*06  wt%  in  JB-lB  ( La  2O3 
=  0*09;  Ce  2O3  =  0.21;  Nd203  =  0.21;  Sia203  =  0.15;  Er203  = 


■ 
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0.20;  Gd203  ~  0.20  wt%  )  and  2.02  wt%  in  JB-9  (Ce203  =  0.36; 
Ncf203  =  0.35;  Sm203  =  0.40;  Er203  =  0.45;  Gd203  =  0.46  wt%  ). 
In  the  other  specimens  rare-earth  elements  do  not  exceed  1 
wt%  (as  oxides).  For  our  analyses#  oxygen  is  calculated 


Table  33. 

Composi tion  in 

weight  percentages 

of  uraninites 

from  the 

Bai  e 

Johan  Beetz  region  and 

a ve  rage 

correct i on 

factors  for  microprobe  data  (  * ZAF*  )• 

Not  included  in 

t  he 

results  below 

are  iron# 

silicon#  and 

c  a Ic i um 

oxi des 

wh  i  c  h 

make  up  0 

•  5  to 

0.7  w  t%-  • 

Sa  mple 

y2c3 

ree2o3 

PbO 

Th02 

uo  2 —  3 

To  ta  l 

JB-1A 

. 

H* 

00 

N.  D  . 

11.49 

4.56 

74.46 

91 . 69 

JB-1B 

1.05 

1.06 

11.49 

3.41 

75.18 

92.  1  9 

JB-4A 

1.54 

N.D. 

12.72 

6.02 

71.43 

91.71 

JB-4B 

1.09 

N.D  . 

13.  43 

5.19 

76.06 

95.  77 

JB-4C 

0.81 

N.D. 

13.  53 

5.78 

75.80 

95.  92 

JB-6A 

1.37 

N.D. 

13.32 

6.25 

74.41 

95.35 

JB-6B 

0.81 

N.D. 

13.  36 

5.78 

75.80 

93.75 

JB-7A 

1.69 

N.D  . 

1  1 . 75 

6. 17 

74.22 

95.  83 

JB-7E 

0.81 

N.D. 

13.  21 

9.02 

72.31 

95.35 

JB-9 

2.74 

2.02 

11.74 

4.90 

75.15 

96.55 

JB-13 

3.06 

N.D. 

12.  13 

9.11 

67.08 

91.38 

Y 

Pb 

Th 

U 

•ZAF* 

0.88 

1.20 

0.99 

1.08 

N «  D .  :  not 

determi ned 

stoichiometrically  for  divalent  lead,  tetravalent  uranium# 
and  an  amount  of  hexavalent  uranium  equivalent  to  the  amount 
of  lead  present.  As  can  he  seen#  all  totals  are  low;  this  is 
unlikely  to  he  the  result  of  inaccuracy  in  the  corrections 
since  the  standards  for  the  main  constituents  have 
characteristics  close  to  those  of  uraninite#  i.«£«# 
corrections  applied  are  small  (table  33)  with  the  exception 
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of  lead  which  has  a  high  absorption  correction  (1*17);  low 
totals  are  imputed  in  part  to  silicon,  iron,  and  calcium  not 
being  included  in  the  totals  and  rare— earths  not  being 
determined  for  most  specimens;  these  elements  sum  up  to 
1*7  wt%  or  less  (as  oxides).  Other  reasons  for  the  low 
totals  are  the  presence  of  carbonaceous  matter  and  perhaps 
other  volatiles  such  as  helium  which  may  be  included  in  the 
grains  or  mineral  structure,  a  higher  oxidation  state  for 
uranium  (and  lead?),  and  hydration  of  the  mineral.  The 
presence  of  carbonaceous  matter  is  suggested  by  the 
observation  of  an  opaque  grey,  slightly  greenish  material 
which  occurs  together  with  uraninite  in  samples  JB-4,  6  and 

7.  That  material  yielded  little  characteristic  radiation 
under  the  electron  beam.  Peaks  that  could  be  detected 
corresponded  to  uranium,  lead,  and  in  some  cases,  to 
silicon.  Rare— earths  and  thorium  were  not  identified.  One 
analysis  of  a  particularly  ‘heavy  e leme nt- r i ch •  zone  gave: 

Pb:  0.26  w t % 

U  :  0.44  wt% 

No  other  elements  were  detected. 


Age 


Calculation  of  an  approximate  age  for  the 
formation  of  uraninite  was  attempted.  Since  we  have  measured 
only  elemental  concentrations  and  not  isotopic 
concentrations,  basic  decay  formulae  need  to  be  somewhat 


simplified.  We  know  that: 


1  46 


Pb206  =  U238  ( 

exp(  £2  3  8 1  )  - 

1  ) 

(  1  ) 

Pb207  =  u235  ( 

exp(  i,2  3  5 1  )  - 

1  ) 

(  2  ) 

Pb208  =  Th232 

(  e xp(  t23  2t  )  - 

1  ) 

(  3  ) 

where  £,  is  the  decay  constant.  Assuming  that  lead  in 
uraninite  is  solely  of  radiogenic  origin*  we  can  writes 
Pb  =  U238  (exp(t23  8t)  -  1)  +  U235  (exp(fc235t)  -  1) 

+  Th232  texp(t232t)  -  1)  (4) 

The  approximate  power  expansion  of  exp( tt  )  is: 

expUt)  =  1  +  £t  -  (tt)2/2  ...  (5) 


When  dates 

of 

about  1000 

Ma  are  calculated, 

an  error 

o  f 

about  1 • 5% 

is 

made  when 

neglecting  all 

terms 

but  the 

£  irst 

two  in  the 

right  part  of 

equation  (  5  )• 

Thi  s 

equation 

t  hen 

bee  omes : 

exp(  ft )  =  1  +  £t  (6) 

Substituing  (6)  in  (4): 

Pb  =  u238(L238t)  +  u235(t235t)  +  Xh232(  i.232t  )  (7) 

The  isotopic  ratio  ox  U238/U235  at  present  is  137.88 
(Steiger  and  Jager,  1977)  i,.e.: 

U2  3  8  =  O. 9927U  (  8 ) 

U235  =  0. 0072U  ( 9 ) 

where  U  is  the  total  uranium  content. 

Th232  constitutes  the  whole  of  thorium  (  Th  )  • 

Replacing  isotopic  contents  in  (7)  by  atomic  proportions 
yields: 

Pb  =  0.9927  U(  i238t  )  +  0. 0072U(  t2  3  5  t  )  +  Th(£232t)  (10) 


When  t  is  isolated,  equation  (  10)  becomes: 


/ 


. 


147 


Pb 


t  - - 

U< ( 0 • 9927fc23  8 

When  values  for  1  are 


- - - (11J 

)  +  (0,0072b235))  +  (Thi232) 
introduced,  equation  (11)  becomes: 


Pb  lO10  y 

t  - - 

1 , 61 2  U  +  0.495Th 


(  12  ) 


It  should  be  noted  that  when  dates  are  calculated 
from  analyses  of  elements  as  opposed  to  isotopic 
determinations,  the  following  constraints  arise: 

1 —  The  values  obtained  will  not  take  account  of 
possible  diffusion  of  the  elements  concerned, 

2-  All  Pb  in  the  grains  studied  must  be  of  radiogenic 
orl  gi  n  , 

Because  diffusion  of  the  daughter  product  often  takes  place, 
the  values  thus  calculated,  will  constitute  minimum  ages. 
When  isotopic  ratios  are  measured  the  above  constraints  can 
be  alleviated  by  the  use  of  concordia  plots. 

Ages  thus  calculated  for  eleven  uraninites  are 
listed  in  table  34,  A  histogram  (  fig,  8  )  shows  two 
populations,  one  at  1152  Ma  and  a  second  at  1317  Ma, 
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Table  34,  Approximate  ages  of  uraninites  from  the  Bale  Johan 
Beetz  region#  Details  of  the  calculations  are  given  in  the 
text;  Averages  and  standard  deviations  are  calculated  for 
the  two  populations  distinguished  in  figure  8. 


sampl e 

age 

(  Ma  ) 

JB-4A 

1313 

JB-4B 

1306 

JB-4C 

1319 

JB-  6A 

1340 

JB-  6B 

1301 

JB-7A 

1166 

JB— 78 

1330 

J  B—  13 

1310 

JB—  1 A 

1146 

JB-1B 

1140 

JB— 9 

1158 

avera  ge 

1317 

s tandard 

dev lat ion 

14 

average 

1152 

s tandard 

dev iat i on 

12 

* 

l  A 

— L  i  l 

1140  1240  1340  my 

Figure  8:  Histogram  for  the  ages  of  uraninites 


2.  MONAZITE 


Monazites  are  optically  zoned  and  inhomogeneous# 
Qualitative  investigations  showed  that  the  amount  of  uranium 
and  thorium  varied  by  at  least  a  factor  of  two  from  one 
grain  to  another#  Scanning  photographs  for  phosphorus, 
cerium,  calcium,  uranium,  thorium,  and  lead  are  shown  in 
plate  2#  The  section  of  the  grain  studied  is  included  in 


• 
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100 


microns 


Plate  2  :  Backscattered  electron  (bs)  and  elemental  photographs  of  monazite  in  sample  JB- 10. 
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biotite.  Phosphorus  and  yttrium  have  a  uniform  distribution 
as  has  lead  which  is  present  only  in  minor  amounts.  Thorium 
and  calcium  are  concentrated  in  patches;  patches  of  calcium 
represent  apatite  which  is  present  both  inside  and  outside 
the  monazi te •  Uranium  is  mainly  present  on  the  border  of  the 
grain  and  along  lines  that  are  prolongations  of  the 
biotlte's  cleavage  into  the  monazite.  There  is  no  obvious 
relationship  between  the  distribution  of  calcium,  thorium, 
and  uranium. 

Two  grains  were  analysed.  Both  analyses  were  done 
on  areas  covering  about  one  sixth  of  the  grain  with  one 
corner  of  the  area  analysed  at  the  center  of  the  grain;  thus 
they  are  approximations  to  the  compositions  of  the  whole 
grains.  From  these  results  (table  35)  it  appears  that 
monazite  is  an  important  thorium  bearer  while  it  contains 
little  uranium  (  the  rim  of  the  grain  was  avoided  for 
quantitative  analyses).  The  precision  of  our  analyses  for 
low  concentrations  of  lead  and  uranium  does  not  enable  us  to 
estimate  the  age  of  these  monazi tes.  It  should  be  noted 
however  that  the  amount  of  lead  increases  proportionally  to 
the  amount  of  thorium  (and  uranium)  indicating  that  the 
grains  though  different  in  composition,  were  coeval. 
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Table  35*  Composition  of  monazites  from  the  Ba i e  Johan  Beetz 
region  in  weight  percentages.  Oxygen  is  calculated  by 
stoic  hi  ornetry. 


Sampl e 

JB- 1 

JB  — 1 0 

ai2o3 

0.  08 

0.  19 

sio2 

1 . 43 

2.46 

p2o5 

29.  02 

27.87 

CaO 

0.  52 

3.02 

F  e  2  O  3 

0.  13 

0.11 

Y  203 

0.  54 

2.38 

La203 

1  6.  29 

10.03 

C  e  203 

31.45 

24.66 

N  d  2  O  3 

1  0.  49 

11.33 

Sm203 

2.  05 

3 . 06 

Gd203 

1.  14 

0.95 

Dy203 

t  r 

0.56 

Ho  2  O  3 

tr 

0.65 

PbO 

0.  26 

0.52 

Th02 

5.  72 

13. 47 

uo2 

0.  16 

0.  SS 

Total 

99.  28 

101.85 

3.  XENOTIME  AND  CHURCHITE 

In  our  samples,  xenotirae  is  isoiaorphous  and 
optically  zoned.  The  zoning  is  manifested  by  a  difference  in 
colour:  the  centre  is  brownish  and  occasionally  contains 
small  black  dusty  particles;  the  rim  is  colourless.  Scanning 
photographs  of  part  of  a  xenotime  grain  penetrated  by 
monazite,  were  taken  for  phosphorus,  yttrium,  calcium,  and 
silicon  (Plate  2).  They  show  uniform  distribution  of  yttrium 
and  phosphorus.  Calcium  and  silicon  have  patchy 
distributions;  they  are  frequently,  though  not  always, 
related  to  each  other  and  are  often  present  as  inclusions  in 
xenotime  rather  than  as  a  constituent  of  that  mineral. 


1  * 


1  52 


A  more  detailed  investigation  was  conducted  by 
traversing  xenotime  grains  and  registering  elemental 
concentration  on  a  chart  recorder#  It  showed  that  uraniumf 
silicon*  and  rare— earths  are  more  abundant  in  the  centres 
whilst  phosphorus,  yttrium,  and  iron  increase  in  the  rims. 

Three  analyses  were  done,  two  on  one  grain,  centre 
and  rim,  and  one  over  an  area  covering  about  one  half  of  a 
grain,  A.e,.  ,  covering  both  centre  and  rim  material.  In  the 
course  of  analysis  the  rim  material  obviously  degassed  to 
form  Newton  rings  at  the  sample  surface.  Newton  rings  are 
caused  by  the  accumulation  of  volatiles  between  the  specimen 
and  its  carbon  coating  resulting  in  optical  interference 
effects.  The  results  (  table  36)  all  have  low  totals  but  it 
should  be  noted  that  the  totals  decrease  from  centre  to  a 
mixture  of  centre  plus  rim,  to  rim.  Low  totals  can  be 
explained  at  least  in  part  by  deterioration  of  the  mineral 
under  the  electron  beam  and  by  the  presence  of  an  undermined 
amount  of  water.  Deterioration  under  the  electron  beam  is 
likely  as  the  area  analysed  became  brown;  but  deterioration 
does  not  account  for  the  strong  reaction  of  the  rim  material 
relative  to  the  centre  material,  nor  for  the  gradation  from 
centre  to  rim.  It  is  thus  believed  that  the  rim  material 
contains  a  higher  amount  of  water,  and  is  composed  of 
churrhite  (YP04«2H20)  rather  than  xenotime.  Three  analysis 
of  churchite  listed  in  Vlasov  (  1964  )  show  between  15  and 
16  wt%  water.  These  amounts  are  compatible  with  our  results. 
Whether  churchite  has  grown  on  xenotime  or  formed  from 
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Table  36.  Composition  of  xenotlme  from  the  Bai e  Johan  Beetz 
region  in  weight  percentages.  C=centre,  margin. 


Sample 

JB-IO(C) 

JB-101  M  ) 

JB—  1  5(  C+M.  > 

P2O5 

32.  26 

33.  15 

31. 25 

Si02 

5.  09 

0.  82 

4.24 

Al203 

0.  39 

0.  02 

0.  19 

CaO 

0.  23 

0.  17 

0.  29 

Ti02 

n  •  d. 

n.  d . 

tr 

Fe  2C>3 

0.  78 

0.  03 

1.20 

y2o3 

39.94 

44.  01 

34.61 

La203 

0.  40 

0.  04 

0.  10 

Ce  2O3 

0.  79 

n.  d. 

0.  32 

Nd203 

1.  19 

0.  15 

0.25 

Sm2C>3 

0.  60 

0.5  0 

0.  44 

Gd2C>3 

1.63 

1. 96 

1.84 

Er  203 

3.  85 

4.75 

4.  06 

WO3 

2.  02 

2.  58 

2.68 

Th02 

4.  25 

0.23 

5.95 

uo2 

4.  30 

0.  54 

5.  18 

Total 

97.  72 

88.95 

92.60 

n.ct.:  not  detected 
tr  :  trace 


xenotime  as  an  alteration  product  is  unknown.  Compositional 
differences  between  the  centre  and  rim  material  are  also 
evidenced  by  the  higher  content  of  uranium,  thorium  and 
si licon  in  the  former.  Dark  particles  in  the  centre  could 
not  be  identified  because  they  were  too  small.  They  are, 
however,  unavoidably  included  in  the  analysis  of  the  centre 


materi a l • 
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4.  SAMARSKITE 

Samarskite  is  isotropic  and  does  not:  appear*  zoned 
under  the  microscope.  Qualitative  investigation  with  the 
electron  microprobe,  traversing  one  grain  and  registering 
element  concentrations  on  a  chart  recorder,  showed  that 
calcium,  phosphorus,  and  iron  are  more  abundant  in  the  outer 
Pai*'t  the  grain,  whilst  rare— earths,  niobium,  tungsten, 

and  uranium  concentrate  in  the  inner  part;  thorium  and 
yttrium  are  uniformly  distributed;  minor  variations  of 
titanium  and  iron  are  antipathetic.  Results  of  two  analyses 
done  on  areas  covering  about  one  sixth  of  the  grains  with 
one  corner  of  the  area  covered  at  the  centre  of  the  grain, 
are  listed  in  table  37.  Compositions  of  the  two  grains  are 
similar.  No  lead  was  detected  in  spite  of  the  high 
concentration  of  uranium  and  thorium.  Our  totals  differ  from 
100  by  2.4  and  0.91  wt%  for  JB—15  and  JB—16  respectively. 
This  probably  comes  from  hydration  of  samarskite.  Indeed 
analyses  of  sarmarskites  given  in  Vlasov  (1964)  have  between 
0.53  and  4.62  wt%  water;  these  values  are  compatible  with 


our  results. 
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Table  37.  Composition  of  samarskites  from  the  Baie  Johan 
Beetz  region  in  weight  percentages. 


Satnpl  e 

JB-15 

JB— 16 

ai2o3 

0.  03 

n  •  d. 

Si02 

0.  86 

0.  19 

P  20  5 

2.  60 

0.40 

CaO 

0.  78 

0.70 

Ti02 

2.  42 

2.62 

Fe  203 

1.01 

0.80 

y2o3 

20.  09 

23.01 

Nb203 

49.  60 

51.95 

La  2C3 

0.  16 

0.05 

Ce203 

0.  16 

tr 

Nd2  03 

0.  69 

0.82 

Sm203 

3.  00 

0.89 

Gd203 

1. 69 

1.55 

Er  203 

3.  12 

3.78 

wo3 

2.  45 

2.59 

Th02 

2.  85 

2.47 

uo3 

6.  05 

6.65 

Total 

97.  56 

98.47 

n.d«:  not  detected 


5.  ALLANITE 

AUanite  is  encountered  in  samples  JB-11  ,  15,  16 

and  17  and  it  is  a  major  constituent  of  sample  JB— 15.  It  is 
aut oicorphous  and  zoned,  generally  fractured.  In  transmitted 
light  three  zones  could  be  defined:  pale  green  at  the  centre 
of  the  grains,  opaque  (metamict)  dark  green  at  the  rim  and, 
between  the  two,  medium  green.  The  latter  was  not  always 
present  and  often  was  very  thin.  Contacts  between  these 
zones  were  irregular  but  sharp. 

Compositional  differences  between  the  pale  green 
and  medium  green  zones  are  illustrated  in  figure  9.  Spectra 
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Spectra  in  logarithmic  scale  for  the  composition  of  allanite. 
Recorded  by  energy  dispersive  spectrometry. 
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Rate  3:  Transmitted  light  and  elemental  photographs  of  allanite  in  sample  JEM5. 
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for  the  zones  show  that  thorium,  iron,  and  magnesium 
concentrate  in  the  intermediate  zone  whilst  calcium  and 
rare-earths  are  enriched  in  the  centre.  This  is  coroborated 
by  the  distribution  of  elements  shown  in  plate  3. 

The  pale  green  and  dark  green  materials  were 
analysed.  Both  zones  were  unstable  under  the  electron  beam 
and  the  areas  analysed  darkened  rapidly.  Compositions  are 
listed  in  table  38;  in  both  cases  uranium  was  sought  but  not 
found.  Low  totals  result  from  instability  of  the  mineral 
under  the  electron  beam,  and  from  hydration. 

Composition  of  "the  pale  green  material  corresponds 
to  "that  of  allanite.  When  the  atomic  proportions  are 
calculated  on  the  basis  of  13  (0,0H)  for  the  general 
formula : 

( Ce ,Ca  (Fe,Al,Mg)3  Si30i 2  (OH) 
the  cations  filling  the  position  (Ce,Ca)  come  to  a  total 
lower  than  the  theoretical  value.  Deer  ejt  aJL.  (  1963)  explain 
the  variation  of  corapositon  of  allanite  by  the  two 
substitutions:  Ca  REE  and  Al  <->  Fe+2.  According  to 

these  authors  "these  substitutions  are  essentially 
sympathetic,  the  replacement  of  Ca  by  higher  valency  ions, 
mainly  of  the  rare-earth  groups,  requiring  a  balancing 
substition  of  divalent  for  trivalent  ions  in  the  octahedral 
(Fe,Al,Mg)  position  of  the  structure."  Our  results  suggest 
that  a  fraction  of  the  octahedral  positions  remain  empty 
when  trivalent  and  quadrivalent  elements  substitute  for 


calcium.  Indeed  the  sum  of  charges  for  elements  occupying 
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this  position  equals  +  3. 84,  this  compares  qui te  well  with 
the  theoretical  charge  of  +4.00.  In  this  case  ail  iron 
except  that  entering  the  octahedral  position  was  assumed 
tr iva lent.  Atomic  proportions  and  charges  exceed  the 
corresponding  theoretical  values  for  the  octahedral 
positions  of  allani te»  i» e»  f  2  and  4  respectively. 

The  dark  (ncetamict)  material  is  enriched  in  rare- 
earths  by  a  factor  of  3  relative  to  the  pale  green  area.  Its 
rare-earth  content  (36.1  wt %  REE203 )  exceeds  the  maximum 
rare-earth  content  of  allanite  (27  wt%  REE203  )  (Vlasov, 

1964)  for  the  formula! 

( Ce , Ca  )  (  Fe+ 2  ,  A  l2  )  Si 30! 2  (OH) 

It  contains  less  silicon,  calcium  and  iron  than  the  pale 
green  allanite.  Atomic  proportions  for  the  dark  zone  do  not 
correspond  to  those  of  allanite  nor  any  rare-earth  silicate 
mineral.  It  remains  unknown  whether  it  is  a  solid  solution 
or  fine  mixture  of  allanite  and  some  other  mineral(s),  or  a 
single  phase. 
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Table  38.  Composition  of  one  allani te  grain  ( pale  green  and 
dark  green  zones  )  from  sample  JB— 15  in  weight  percentages 
and  atomic  proportions*  The  atomic  proportions  were 
calculated  for  an  epidote  formula  based  on  13  (0,0H). 


Zone 

C  en  t  re 

Ri  m 

MgO 

0.71 

2.59 

ai2o3 

17.14 

15.64 

sio2 

31 . 97 

18.66 

P2O5 

n  •  d  • 

0.  15 

k2o 

n.  d  • 

0.44 

CaO 

7.18 

2.57 

MnO 

0.  95 

0.24 

F  e  203 

17.20 

10.44 

La  203 

1.89 

8.84 

Ce203 

7.50 

22.69 

Nd203 

4.  72 

7.09 

Sm203 

1.17 

1.67 

Gd203 

1.51 

3.63 

Dy203 

1.18 

0.76 

Ce203 

n  •  d  • 

0.  14 

Yb203 

n  •  d  • 

0.12 

ThO  2 

1.71 

1.60 

Total 

94.  84 

97.26 

Si 

2.98 

2.  14 

P 

— 

0.01 

sum  of  Z  = 

2.98 

2.  15 

Al 

1.87 

2.  11 

Fe+  3 

1.02 

0.90 

Mg 

0.11 

0.44 

s  um  0  f  Y  = 

3.00 

3.55 

K 

— 

0.06 

Ce 

0.72 

0.31 

Fe 

0.  1  8 

- 

Mn 

0.06 

0.02 

La 

0.06 

0.37 

Ce 

0.25 

0.95 

Nd 

0.16 

0.29 

Sm 

0.05 

0.07 

Gd 

0.04 

0. 14 

Dy 

0.  03 

0.03 

Th 

0.  03 

0.04 

sum  of  X  = 

1.58 

2.28 

n«d«:  not  detected 
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6.  TITANOBETAFITE 

Tltanobetaf  ite  is  rare  in  our  samples*  It  was 
noted  only  in  JB-1,  and  10.  In  transmitted  light  it  occurs 
as  metamic t  reddish  brown  to  yellowish  grains.  These  grains 
could  not  be  identified  microscopically  and  they  required 
chemical  analysis.  Qualitative  microprobe  investigations 
showed  that  the  grains  were  inhomogeneous;  but  no  systematic 
variations  or  regular  zonings  were  established.  An  area 
covering  80  by  80  square  microns  was  analysed;  results  are 
listed  in  table  39. 

The  total  is  low  due  to  the  presence  of 
undetermined  hydroxyl  ions.  Atomic  proportions  were 
calculated  for  the  general  formula: 

(  2— x  )  A*  2B»(  6-x  )0*(  1+x  )OH 

The  best  value  for  x  is  1.2  in  agreement  with  the  betafite 
minerals  where  x  ranges  between  0.5  and  1.5.  The  ratio 
(Nb+Ta)/Ti  equals  0.5,  and  this  value  is  compatible  with 
ti tanobetaf i te  whose  ( Nb+Ta  )/Ti  ratio  ranges  between  0.3  and 
2.5  (Vlasov,  1964).  The  uranium  content  is  high  but  no  lead 
was  detected  suggesting  that  t i t anobe taf i te  formed  only 
recently  in  our  samples  or  else  that  it  underwent  alteration 
with  departure  of  lead  and  possibly  some  other  elements.  The 
latter  hypothesis  appears  more  realistic  as  the  grains  of 
ti tanob etaf i te  are  metamict  and  often  stained  red  presumably 


by  iron  oxides. 
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Table  39.  Composition  of  ti t anobetaf i te  from  sample  JB-1  in 
weight  percentages  and  atomic  proportions.  Atomic 
proportions  were  computed  for  the  general  formula 
(  2-x  )A*2E-(  6-x  )0«(  1+x  )0H  based  on  7(OtOH).  The  best  value 
for  x  was  found  to  be  1.2. 


CaO 

1.95 

Ca 

0.13 

FeO 

1. 01 

Fe 

0  .05 

y2o3 

1.20 

Y 

0.04 

La203 

2.  06 

La 

0.05 

Ce  2^3 

6.  31 

Ce 

0.15 

Nd203 

1.94 

Nd 

0.04 

Sm203 

0.  46 

Sm 

0.01 

Gd203 

0.  83 

Gd 

0.01 

Er203 

0.  19 

Er 

— 

Th02 

2.  04 

Th 

0.03 

uo2 

23.  77 

U 

0.30 

sum  of 

A 

0.81 

Al  203 

0.67 

Al 

0.05 

Si02 

5.  96 

Si 

0  .36 

P2Os 

0.  01 

p 

— 

Ti  02 

25.  61 

Ti 

1  .  17 

Nb2Os 

22.  43 

Nb 

0.59 

sum  of 

B 

2. 17 

Total 

96.  44 

O 

4.8 

OH 

2.2 

sum:  Q+OH 

7.00 

7.  THQkOGUMMITE 

A  bright  yellow  phase  occurs  in  sample  JB-10  as 
fillings  between  grains.  No  optical  sign  could  be  determined 
and  it  is  presumed  that  this  phase  is  amorphous.  Under  the 
electron  beam,  it  deteriorates  rapidly  in  a  manner  similar 
to  that  of  epoxj r  resin  though  at  a  slower  rate.  Water  and/or 
carbon  oxide  probably  evaporate  during  deterioration. 
Phosphorus  counts  did  not  decrease  during  analysis.  The 
composition  of  this  phase  was  obtained  by  taking  only  two 


. 
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counts  for  each  background  and  peak  positions  and  changing 
Location  at  each  step  of  the  analysis.  Results  are  listed  in 
table  40. 


Table  40.  Composition  of  tnorogummlte  from  sample  JB-10  in 
weight  percentage  and  atomic  proportions.  The  latter  are 
based  on  the  general  formula:  Th*(  1-x  )(  Si04  )*4x(  OH  )•  The 
best  value  for  x  is  0.17. 


Al  2O3 

1 . 97 

Al 

0.12 

CaO 

0.  04 

Ca 

— 

F  e2C>3 

1.29 

Fe 

0.05 

Y2O3 

7.00 

Y 

0.19 

La203 

0.  26 

La 

0.01 

C©  2^3 

0.63 

Ce 

0.01 

Nd2C>3 

1.06 

Nd 

0.02 

S1112O3 

0.  69 

Sm 

0.01 

Gd2C>3 

0.  83 

Gd 

0.02 

ET203 

1.  11 

Er 

0.02 

WO3 

0.58 

W 

0.01 

Th02 

42.  29 

Th 

0.48 

uo2 

11.36 

U 

0.13 

sum  of 

A 

1.07 

Si02 

15.05 

Si 

0.75 

P2O5 

1.84 

P 

0.08 

sum  of 

B 

0.83 

Total 

86.  00 

O 

3.32 

OH 

0.68 

sum:  O+OH 

4.00 

The  composition  of  this  phase  is  that  of  thorogummi te.  The 
low  total  is  due  to  deterioration  of  the  specimen  during 
analysis  and  to  the  presence  of  undetermined  water.  Frondel 
(  1958),  for  example,  reports  as  much  as  12  wt%  water  (  H20+  ) 
for  some  thorogummite  samples.  This  is  compatible  with  our 
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re  suits • 

Because  this  thorogummite  is  lead-free  despite  its 
high  thorium  and  uranium  content  j  and  since  it  occurs  as  a 
filling  between  other  minerals*  it  must  have  precipitated 
recently • 


8.  ZIRCON 


Two  types  of  zircons  were  identified  through 
petrographic  examination#  The  most  common  is  clear* 
colourless  and  zoned*  The  other  is  brownish  and  occasionally 
forms  a  core  in  grains  of  the  first  type.  Qualitative 
microprobe  studies  showed  that  the  brownish  zircons 
correspond  closely  to  the  theoretical  composition  (ZrSi04) 
whilst  the  clear  zircons  contain  additional  elements, 
namely:  sodium*  phosphorus*  calcium*  manganese,  iron* 
hafnium  and  uranium*  In  the  zoned  zircons  it  was  observed 
that  iron*  sodium*  calcium*  hafnium*  and  cerium  vary 
independent ly  from  one  another  but  in  a  concentric  pattern; 
iron  and  manganese  vary  sympathetically* 

Three  grains  were  analysed,  two  from  sample  JB-8 
and  one  from  JB— 18*  One  of  the  grains  from  JB— 8  had  a 
brownish  core  with  a  clear  margin*  both  areas  were  analysed 
independen t ly •  In  all  cases  the  area  analysed  covered  about 
1/10  of  the  grain  (or  core  and  margin)  and  an  attempt  was 
made  to  return  to  the  same  area  at  each  step  of  the 


. 
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analysis.  Results  are  listed  in  table  41. 


The  total  for  the 


Table  41.  Composition  of  zircons  from  the  Baie  Johan  Beetz 
region  in  weight  percentages  and  atomic  proportions.  The 
latter  are  calculated  for  the  formula: 

Zr  •  (  l-x)(  SiO*  )  *4x(  OH  ). 


Sa  mple 

co  re 

JB— 8 

margin 

J3—8 

JB-18 

Na20 

2.  00 

2.06 

4.  23 

CaO 

— 

2.  09 

1.83 

2.48 

MnO 

0.05 

0.27 

0.  10 

0.17 

Fe  2O3 

0.21 

1.33 

0.50 

1 . 45 

Zr02 

65.  90 

5  8.  52 

59.46 

54.43 

Hf  2  O3 

1.48 

1. 94 

1.81 

1 . 88 

uo2 

0.  08 

0.  46 

0.49 

1 . 09 

Si  C2 

33.66 

31. 40 

30.91 

30.85 

p2C>5 

— 

0.  07 

0.  10 

— 

Total 

101.38 

98.  08 

97.26 

96.58 

Na 

— 

0.  12 

0.  12 

0.  25 

Ca 

— 

0.  07 

0.06 

0.08 

Mn 

— 

— 

— 

— 

Fe 

— 

0.  03 

0.01 

0. 06 

Zr 

0.  97 

0.90 

0.90 

0.82 

Y 

0.01 

0.  02 

0.02 

0.  02 

U 

— 

— 

— 

0.01 

sum:  *  Zr  * 

0.  98 

1. 02 

0.90 

0.  99 

Si 

1.02 

0.  99 

0.96 

0.95 

P 

— 

— 

— 

— 

sum :  •Si* 

1 . 02 

0.99 

0.96 

0.95 

O 

4.00 

4.  00 

3.  84 

3.  80 

OH 

— 

— 

0.16 

0.20 

sum:  O+OH 

4.  00 

4.  00 

4.00 

4.  00 

brown i sh 

core  is  high  while  totals 

for  clear 

grains  are  low 

Ha  f n ium r 

zirconi um 

and  silicon  were 

analysed 

against  a 

zircon  standards  thus  minimizing  possible  correction  errors; 
it  is  thus  believed  that  the  low  total  either  reflects  a 
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failure  to  return  always  to  exactly  the  same  area  in  the 
course  of  ana Lysisi  inaccuracy  in  the  composition  of  the 
standard,  or  the  presence  of  undetermined  elements  such  as 
OH  (  Frondel ,  1953).  The  first  hypothesis  is  unlikely  as  the 

area  swept  became  slightly  darker  than  the  rest  of  the  grain 
after  a  few  counts,  making  r e loc al izat i on  an  easy  task. 

Three  of  the  analyses  have  sodium  in  significant  amount. 
Sodium  does  not  substitute  for  silicon  in  silicate  minerals. 

Because  the  sodium  content  of  zircon  varies  in  a 
concentric  pattern  though  it  is  excluded  from  the  mineral 
structure,  it  must  occur  either  as  absorbed  material,  such 
as  Ma( OH ),  or  as  a  constituent  of  a  mineral  in  solid 
solution  with  zircon;  such  a  mineral  might  be  epididymite: 
NaBeSi307(  OH ) . 


Cr_ CONCLUSIONS 

The  samples  from  the  Baie  Johan  Beetz  region  are 
enriched  in  uranium,  thorium,  and  rare-earth  elements.  The 
main  minerals  containing  these  elements  are  listed  below 
( table  42  )  • 

The  above  minerals  are  more  abundant  in  samples  from 
fracture  filling  ( JB-9  )  and  shear  zone  ( JB  15,  17)  materials 


than  in  those  from  granitic  materials.  It  should  be  noted 
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Table  42.  Minerals  from  the  Bale  Johan  Beetz  region  which 
contain  uranium*  thorium*  and  rare-earth  elements  together 
with  the  average  contents  of  the  above  elements  in  weight 
percentages • 


Mineral 

U<  wt%  ) 

Th(  wt%  ) 

REE(  wt%  ) 

(Irani  ni  te 

75 

7 

1 

Monazi te 

0.3 

8 

40 

Xeno  ti me 

2 

4 

8 

Samarski te 

6 

2.5 

8 

T i tanobe  taf i te 

24 

2 

13 

A 1 lani te 

1 

1.5 

17-35 

Thoroguiomi  te 

12 

42 

11 

though  that  the  fracture  filling  and  shear  zone  materials 
crystallized  at  relatively  high  temperature;  they  are  of  a 
different  type  than  the  pitchblende-rich  veins  of  the  Massif 
Central  (France)  or  Great  Bear  Lake  (N.W.T.). 

A  hypothesis  for  the  genesis  of  mineralization  in 
the  area  studied  must  account  fori 

1—  the  association  uranium*  thorium  and  rare-earth 
elements  suggesting  a  relatively  high  temperature  of 
formation  i.e.*  corresponding  to  pegmatite  deposits 
rather  than  hydrothermal  veins  and  sedimentary 
deposi  ts  ; 

2-  the  enrichment  is  restricted  to  remobilized  granitic 
material  and  shear  zones  and  fractures  therein; 

3-  the  distribution  of  mineralization  is  independant  of 
the  meta-sediments; 

4—  the  minimum  age  of  1317  Ma  for  mineralization 
yielded  by  uraninltes; 


. 
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5-  a  period  of  recrystallization  at  about  1152  Ma  ,  as 
suggested  by  some  uraninites; 

6—  the  association  of  carbonaceous  matter  with 
uraninites  in  some  of  the  granite  samples. 

The  age  of  the  younger  population  (1152  Ma  )  of 
uraninites  is  compatible  with  the  Grenville  Orogeny  as  dated 
by  Rb-Sr  methods  on  rocks  from  the  Shawinigan  region,  160  km 
northeast  of  Montreal:  1094±43  Ma  on  whole  rock  samples  of 
garnet  sillimanite  gneiss  (Barton  and  Doig,  1973); 

1103±33  Ma  in  whole  rock  samples  from  the  St.  Didace 
adamellites  (Barton,  1971);  1105  Ma  on  minerals  from  the  St. 

Didace  granite  (Goulet,  1871  )• 

Inside  the  Grenville  Province,  the  older 
population  (1317  Ma  )  can  be  correlated  with  anorthosite  and 
associated,  more  acidic,  intrusives  and  also,  with  some 
metasedimentary  rocks.  Indeed  ages  ranging  from  1050  Ma  to 
1480  Ma  have  been  measured  on  anorthosites  and  associated 
acidic  rocks  (  Wynne-Edwards,  1976  ),  while  ages  of  about  1300 
were  obtained  for  some  metasediments:  1307  Ma  for  sediments 
from  the  Hastings  Basin  (Brown  et.  aJ;.  ,  1975);  and  a  probable 
age  of  1307  Ma  for  the  Lake  Quinn  formation  (Barton,  1971). 

The  most  likely  hypothesis  is  an  enrichment  in  the 
remobilized  fraction  of  the  basement  gneiss  producing  the 
granites  at  about  1317  Ma,  with  preferential  concentration 
in  fractures  and  shear  zones  during  the  cooling  stages.  It 
appears  that  lead  was  retained  in,  or  not  completely 
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expelled  from,  the  uraninites  during  the  subsequent 
Grenville  Orogeny  (1152  Ma  ).  The  stability  of  uraninites 
during  the  Grenville  Orogeny  might  explain  the  apparent 
absence  of  uranium  and  thorium  in  the  metasediments 


overlying  and  intruded  by  the  granites. 


CHAPTER  VIII 


DUCDRIDGE  LAKE 


A-_  DESCRIPTION 

1.  LOCALIZATION 

This  locality  lies  within  northern  Saskatchewan, 
about  80  km  northwest  of  La  Ronge,  and  occupies  part  of 
(fig.  10)  is  part  of  the  Churchill  Province,  in  the  so- 
called  Wollaston  Lake  fold  belt  ( Money,  1968  )  overlying  the 
Wollaston  domain  and  the  Rottenstone  domain  (Sibbald  g.t.  a  1 .  « 
1976  ). 
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Fig.  10  Geology  of  the  Duddndge  Lake  area,  Saskatchewan  and  location  of  the  sampled  zone. 
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2.  PREVIOUS  WORK 

Mapping  of  the  area  (  fig.  10 )  was  performed  on  a 
scale  of  4  mi  :  1  inch  by  Frarey  (  1950  ),  on  a  scale  of  1  rai  :  1 
inch  by  Money  (  1965,  1967),  and  at  a  scale  of  2  mill  inch  by 
Munday  ( 1974a, b).  The  geology  of  the  Wollaston  Lake  Belt  has 
been  summarized  by  Money  (  1968  )  and  by  Money  e„t  &!..  (  1970). 
The  geological  setting  of  the  uranium  mineralization  in  that 
part  of  the  Belt  situated  in  northern  Saskatchewan  has  been 
reviewed  by  Sibbald  a,l#  (  1976  ),  and  more  specifically,  a 
multiple  media  geochemical  survey  of  a  boulder  train 
associated  with  the  Duddridge  Lake  uranium  deposit  was 
undertaken  by  Haughton  (  1976  ). 

Radioac  ti vi ty  in  the  Wollaston  Lake  Belt  was  first 
noted  in  1952  by  geologists  of  Eldorado  Mining  Corporation 
in  the  Foster  Lake  area,  about  130  km  northwest  of  Duddridge 
Lake.  In  1968,  a  drill  hole  southwest  of  Wollaston  Lake, 
about  320  km  northwest  of  Duddridge  Lake,  intersected  some 
promising  uranium  mineralization  (Money  £_t  ai*  ,  1970  ). 

Activity  was  renewed  in  1974  when  uranium-copper 
mineralization  was  discovered  in  a  boulder  train  1500  m  long 
and  40  m  wide  on  the  west  side  of  Duddridge  Lake.  Later,  in 
the  same  field  season,  uranium  mineralization  was  found  in 
part  of  the  underlying  bedrock,  namely  quartz-pebble 
conglomerate  (Munday,  1974a).  Following  this  discovery,  a 
continuous  zone  of  radioactivity,  associated  with  the 
quartz—  pebb  le  conglomerate,  was  traced  over  a  40  km  distance 
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from  Duddridge  Lake  on  northward  to  Meyers  Lake  (Sibbald  £t 
»  1976).  This  property  is  now  held  by  the  Exploration 

Company  and  Noranda  Exploration  Company  Limited.  Specimens 

typical  rock  types  of  the  Duddridge  Lake  area  were  kindly 
supplied  to  the  author  by  Dr  R.A.  Munday  (Saskatchewan, 
Department  of  Mineral  Resources). 


3.  GEOLOGY 


The  Duddridge  Lake  area  (fig.  10)  is  part  of  a 
metamorphosed  sedimentary  basin.  Its  principal  components 
are  granitic  gneiss  and  supracrustal  rocks  with  variable 
proportions  of  basic  intrusive  rocks,  all  of  which  are  cut 
by  pegmatites  and  partly  covered  by  glacial  deposits.  The 
lithological  units  that  have  been  recognised  in  the  field  by 
Money  (1965,  1968)  and  Munday  (  1974a, b)  are  given  in  table 

43. 

Granitic  gneisses 

Granitic  gneisses  are  encountered  in  the 
northwestern  and  southeastern  parts  of  the  map  area 
(fig.  10).  The  western  granite  is  continuous  into  the 
subgranuli te  facies  sequence  west  of  the  present  area,  A*£«, 
in  the  Mudjatic  domain  (Munday  1972,  1973;  Pearson,  1972; 

Sibbald,  1873).  It  is  constituted  mostly  of  quartzo- 
feldspathic  gneiss  of  granitic  to  gran odi or i t i c  composition, 


.  r 


.  -  * 

. 

Or 

.  ' 


/ 

* 

-  . 

J  l  &  t 

* 


able  43.  Stratigraphy  of  the  Duddridge  Lake  area,  according  to  Money  (1965,1968),  Munday  (1974a,  b) ,  and 
Sibbald  et  al .  (1976). 
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andy  in  general,  is  medium—  "to  coarse-grained  and 
equigranular  with  foliation  that  is  either  weak  and 
irregular  or  else  absent  ( Money,  1965  )•  The  eastern  granitic 
rocks  are  located  east  of  the  Needle  Falls  shear  zone  in  the 
so-called  Rottenstone  domain  (Munday,  1974afb).  Its 
composition  varies  between  granodiorite  and  quartz  diorite, 
ranging  to  quartz  monzonite.  It  is,  in  general,  medium-  to 
coarse-grained,  equigranular  with  foliation  that  is  either 
weak  and  irregular  or  else  absent*  A  po rphyroblastic  variety 
is  present  at  the  contact  with  migmatized  supracrustal 
rocks* 


Supracrustal  rocks 

The  supracrustal  rocks  occupy  the  main  part  of  the 
map  area  (fig*  10)*  They  are  composed  essentially  of 
metamorphosed  shales,  arkosic  arenites  and  greywacke  with 
variable  proportions  of  basic  metavolcanic  rocks.  According 
to  Sibbald  e t  al .  (  1976),  the  main  units  underlying  the  map 
area  are: 

1—  a  clastic  unit  best  represented  by  thick 
metamorphosed  conglo mera te— qua r t zi te-argillite 
successions  (corresponding  to  the  Meyers  Lake  and 
Sandfly  Lake  Groups  of  Money  (  1965  )  and  Money  ei  aj.* 
(  1968  ); 

2-  a  metamorphosed  pelitic  to  semi-peli tic  unit  which 
is  often  graphitic  and  locally  displays 
intercalation  of  ca  1c- s i 1 ica tes .  This  corresponds  to 


' 
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the  Daly  lake  Group  of  Money  (  1966  ). 


Basic  intrusive  rocks 

Metamorphosed  gabbro  or  epidiorite  forms  small 
bodies  intrusive  into  the  supracrustat  rocks.  It  is  a 
medium—  to  coarse-grained  equigranular  and  massive  unit 
(  Money,  1965  ). 

Egemati tes  and  quartz  ve^ng 

Pegmatitic  sills  and  lenses  are  common  throughout 
the  Duddridge  Lake  area  (fig.  10).  Both  segregation  and 
intrusive  types  have  been  identified  (Money,  1965). 
Segregation  pegmatites  occur  in  biot i te-cordi eri te- 
sillimanite  rocks  of  the  metapelite.  Quartz  veins  occur 
mainly  west  of  Sandfly  Lake,  and  probably  represent  the 
youngest  rocks  of  the  area. 

Glacial  deposits 

These  cover  about  25%  of  the  map  area.  Uraniferous 
quartzite  boulders  have  been  noted  west  of  Duddridge  Lake. 
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4.  CHRONOLOGICAL  RELATIONSHIPS 

Chronological  relationships  as  established  for  the 
map  area  by  Money  (  1965)  and  Money  ej.  &l.  ,  (  1968)  and  by 
Munday  (  1974a, b)  are  compared  in  table  DL-1.  In  the  light  of 
a  synthesis  study  of  the  southern  part  of  the  Saskatchewan 
Shield,  (  Sibbald  je.£  iUL  • »  1976),  it  appears  that  both  eastern 

a iid  western  granitic  bodies  belong  to  the  basement  gneiss* 
The  lower  clastic  unit  lies  unc onf ormab ly  on  the  basement 
gneiss  and  is  overlain  by  the  pelitic  to  semi-pelltic  unit. 


5.  TECTONICS  AND  METAMORPHISM 

The  area  (fig.  10)  is  crossed  by  the  north- 
northeast  trending  shear  zone  refered  to  as  the  Needle  Falls 
Shear  Zone.  Intense  shearing  and  faulting  is  evident  from 
the  presence  of  mylonites  ( Munday  1974a, b). 

On  a  large  scale,  the  map  area  is  located  on  the 
eastern  margin  of  a  sedimentation  basin  composed  essentially 
of  an  Archean  basement  overlain  by  Aphebian  sediments.  Two 
major  thermal  events  have  affected  the  basin  area.  The  first 
predates  the  formation  of  the  supracrustal  rocks  and  is 
characterized  by  metamorphism  of  the  so-called  'basement 
gneiss*  •  The  second  event,  of  Hudsonian  age,  is 
characterized  by  retrograde  metamorphism  of  the  Archean 
basement  and  me t amorph i sm  of  the  supracrustal  rocks, 
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accompanied  by  Local,  remobi  Izat  Ion  and  intense  deformation 
in  a  northeastwardly  direction. 

In  the  map  area,  the  grade  of  metamorphism 
increases  westward  from  lower  amphibolite  to  Lower  granuLi te 
fa  c  ies 


6.  MINERALIZATION:  summarized  from  Sibbald  e£  ai.*  t  1976 

Uranium-,  cobaLt-,  siLver-,  goLd-,  copper-  and 
vanadium-mi neraL ization  has  been  reported  for  the  map  area. 
Uranium  mine raLizati on  was  found  in  bouLders  of  feLdspathic 
quartzite  and  in  quartz  pebble  conglomerate  Lying 
unconf ormably  on  the  basement  gneiss.  It  has  been  said  to 
occur  as  pitchblende,  uraninite  and  tyuyamuni t e • 

Other  uranium  occurrences  for  the  southeastern 
part  of  the  Saskatchewan  Shi  eld  have  been  associated  with 
remobilized  basement  rocks  (  in  pink  granites  and 
Leucograni tes )  and  with  supracrustal  rocks  (in  calc- 
silicates  and  in  pegmatites  within  graphitic  gneiss:  the  so- 
called  pelite-pegmatites  (Sibbald  e_t  a  l .  * 


1976  )  ) 


- 
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7.  SOURCE  OF  THE  URANIUM 


The  source  for 
lie  in  basement  gneiss* 
uranium  is  concentrated 
gneiss  and  in  its  heavy 


uranium 
Thro  ugh 
both  in 
clastic 


mineralization  a 
the  history  of  th 
remobilized  parts 
erosion  products* 


ppears 
e  regio 
of  the 


to 

n  , 


analysis 


Ten  samples  from  the  Duddridge  Lake  region 
(supplied  by  Dr  R*A.  Munday  )  were  studied*  The  rock  types 
and  petrographic  descriptions  are  given  in  appendix  IV*  The 
main  minerals  are  quartz,  plagioclase,  K-feldspar,  biotite 
occasionally  accompanied  by  garnet,  muscovite  and  epidote* 
Minor  consti tue nts  are !  ilmenite,  chalco py rite,  pyrite, 
magnetite,  zoisite,  sphene,  rutile,  calcite,  apatite, 
arsenopyri te ,  cobaltite,  safflorite  uraninite,  monazite, 
carnotite,  1 brann er i te ' ,  Ti-V  compounds  and  a  U-Pb-Si  phase* 
The  specimens  are  weathered  and  stained  yellow  and  red  by 
uranium  and  iron  alteration  products  and  in  one  case  (DL— 8), 
by  cobalt  bloom* 

Our  analysis  centred  on  uraninite,  brannerite,  U- 
Ti-V  compounds  and  the  U-Pb-Si  phase.  Other  minerals  likely 
to  contain  uranium  were  investigated  briefly,  they  are: 
apatite,  rutile  and  monazite* 


. 
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1 .  UfiANINITE 

Uranini te  was  identified  in  samples  DL-3,  4,  5  and 

6  It  is  fine-grained  (about  0.01  mm),  occasionally 
automorphous  and  altered.  Alteration  is  manifested  by  the 
presence  of  red  staining,  cracks  and  a  sooty  aspect.  Sample 
DL-3  contained  relatively  fresh  uraninite.  This,  however, 
had  a  sooty  aspect,  did  not  polish  very  well  and  released 
volatiles  or  oil  under  the  electron  beam,  as  evidenced  by 
the  formation  of  interference  rings.  Whether  the  volatile 
material  was  originally  trapped  in  the  mineral  or  was  oil 
absorbed  during  polishing  is  unknown. 

Eight  grains  were  analysed.  They  contain  uranium 
lead  and,  in  lesser  amounts,  silicon,  calcium,  yttrium  and 
rare-earths  plus,  presumably,  oxygen.  Yttrium  and  rare- 
earths  were  determined  for  one  grain  only.  Vanadium  and 
thorium  were  sought  but  not  found,  sulphur  did  not  exceed 
0.02  wt  %•  Compositions  and  average  correction  factors  are 
listed  in  table  44.  All  eight  compositions  are  very  close. 

It  is,  therefore,  believed  that  the  yttrium  and  rare-earth 
content  s  determined  in  one  grain  are  a  good  approximation 
for  all  of  the  eight  grains.  Totals  are  low  even  when 
yttrium  and  rare— earths  are  accounted  for.  This  results  from 
the  sooty,  porous  nature  of  the  uraninite  which  contains 
volatile  elements  or  compounds  and  the  fact  that  it  did  not 
polish  as  well  as  desired  for  microprobe  analysis. 


. 
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Table  44.  Composition  of  some  uraninites  from  sample  DL-3  of 
the  Ducidridge  Lake  region  in  weight  percentages  and  average 
correction  factors  for  microprobe  analysis.  The  U02/U03 
ratio  was  calculated  to  compensate  for  the  liberation  of 
oxygen  assuming  that  PbO  is  produced  from  U02 .  Correction 
factors  do  not  vary  by  more  than  1%  from  the  average  for 
each  element. 


Si02 

CaO 

Ti02 

PbO 

U02_3 

( REE+Y )203 

Tota  l 

0.64 

0.29 

0.13 

1  6.  66 

75.93 

N.  D. 

93.6  5 

0.66 

0.56 

0.13 

15.  92 

76.11 

N.D. 

93.38 

0.96 

0.50 

0.07 

15.  47 

76. 13 

N.D. 

93. 13 

0.53 

0.55 

0.09 

1  7. 53 

75.51 

N.D. 

94.21 

0.66 

0.31 

0.13 

15.  81 

76 .16 

N.D. 

93.07 

0.60 

0.39 

0.18 

1  6.  89 

76.40 

N.D. 

94.46 

0.58 

0.31 

0.12 

1  6.36 

76.71 

2.78 

96.  86 

0.51 

0.32 

0.23 

17.16 

75.85 

N.D. 

94.07 

average 

ZAF  correction  factors 

Si 

Ca 

Ti 

Pb 

U 

1. 00 

0.88 

0.87 

1.18 

1 . 06 

N • D • :  no 

t  determined 

A &£. 


Lead  to  uranium  ratios  yield  an  average  minimum 
age  of  1649  Ma  (maximum  value  of  1772  Ma).  Detailed  results 
are  given  in  table  45  and  the  mode  of  calculation  has  been 
explained  in  chapter  VII. 

Cumming  and  Scott  (1976)  have  summarized 
ge  oc  hr o no log i cal  results  and  dated  rocks  from  the  Wollaston 
Lake  Beit.  They  suggest  an  age  of  about  2650  Ma  for  the 
granites  and  some  sedimentation  as  old  as  2100  Ma  followed 
by  regional  me  tamo rphi sm  around  1850  my ;  a  later  less 
pronounced  metamorphic  pulse  might  have  taken  place  between 
1750  and  1700  Ma  and*  finally  a  period  of  metamorphic 
activity  and  pegmatltic  intrusion  occurred  around  1550  Ma 


. 

■ 
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Table  45.  Age  calculated  from  the  lead  to  uranium  ratio  of 
eight  uraninites. 


Pb/U  (in  atomic  proportions)  age  (Ma ) 

0.2697  1673 

0.2568  1593 

0.2493  1546 

0.2857  1772 

0.2547  1580 

0.2719  1687 

0.2644  1640 

0.2785  1700 

average  age  1649 

standard  deviation  74 


ago  • 

The  average  date  of  1649  Ma  (with  a  maximum  value 
of  1772  Ma)  obtained  from  our  samples  suggest  that  uranium 
mi neral iza tion  has  occurred  prior  to  the  late  period  of 
pegmatite  intrusion.  The  uraninites  have  crystallized  (or 
recrystallized  )  during  the  metamorphic  period  dated  at  1700 
to  1750  Ma. 

2.  • BfiANNER ITE 1 

In  thin  section  under  reflected  light, 

•brannerite'  appears  as  roundish  grains.  These  are  coloured 
in  various  shades  of  grey  with  a  patchy  aspect  and  sometimes 
have  overgrowths  of  magnetite;  they  are  surrounded  by  a  red 
rim.  Petrographic  study  combined  with  microprobe  work  showed 
that  grains  of  * brannerite*  are  inhomogeneous;  they  often 


' 


■ 
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include  major  rock  constituents  such  as  quartz  and  feldspar, 
and  also  uraninite  and  one  of  the  titanium  oxide  minerals. 
The  rim  is  coloured  by  iron  oxide  and  comprises  fine 
particles  of  uraninite;  it  extends  into  the  minerals 
surrounding  » branneri te* •  A  photograph  in  reflected  light 
and  microprobe  photographs  for  backsca t tered  electrons  and 
for  the  main  constituents,  titanium,  uranium,  iron  and  lead 
(plate  4),  illustrate  the  above  features.  The 
photomicrograph  shows  *brannerite*  in  pale  grey  surrounded 
by  a  darker  rim.  The  dark  grey  spot  included  in  'brannerite* 
is  potassic  feldspar.  Microprobe  photographs  were  taken  for 
the  lower  left  portion  of  the  grain.  The  backsca tt ered 
electron  photograph  is  of  three  shades  corresponding  to 
three  average  atomic  numbers.  The  dark  band  is  located 
outside  the  'brannerite'  grain  and  the  large  dark  spot 
represents  potassic  feldspar;  both  can  be  seen  in  the  X-ray 
scanning  photographs.  The  small  dark  spot  is  one  of  the 
titanium  oxide  minerals,  it  corresponds  to  the  white  spot  in 
the  titanium  distribution  photograph.  The  pale  grey  area  is 
•brannerite*,  which  also  appears  pale  grey  in  the  titanium 
and  uranium  distribution  photographs.  Iron,  however,  is 
variable.  Finally  uraninite  shows  up  as  white  areas  in  the 
backseat tered  electron  and  uranium  photographs  and  as  dark 
areas  in  the  titanium  photograph.  Lead  is  associated  with 
ur an i urn • 

It  was  not  possible  to  obtain  a  good  quantitative 
analysis  representative  of  the  •brannerite1;  nevertheless 
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reflected  light  (xIO) 


100 

_ i 


microns 


Plate  4 :  Reflected  light,  backscattered  electron  (bs), 
'brannerite'  in  sample  DL~5. 


and  elemental  photographs  of 
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three  grains  were  analysed  avoiding  inho mogene i t i e s  as  much 
as  possible#  Results  are  listed  in  table  46#  The  compounds 
may  be  hydrated  to  a  small  extent#  The  analyses  show  an 
antipathetic  relationship  between  uranium  and  iron,  and 
between  vanadium  and  titanium.  Thorium  was  sought  in  all 
three  grains  and  found  to  be  absent.  The  •  branne ri tes •  of 
Duddridge  Lake  differ  from  those  reported  in  the  literature 
(  e • g • »  Ferris  and  Rudd,  1971)  by  the  absence  of  thorium; 
their  low  uranium  to  titanium  ratio  is  comparable  with  the 
brannerite  from  Blind  River  (Ferris  and  Rudd,  1971). 

In  the  Duddridge  Lake  samples,  it  is  felt  that 
'brannerite*  was  orobably  formed  ep igenetically  as  the 
result  of  incomplete  ' branne ri t izat ion'  of  ilmenite  by 
bexavalent  uranium  in  solution.  This  process  combines 
reduction  of  uranium  and  oxidation  of  iron.  It  was 
incomplete  as  evidenced  by  relics  of  titania.  Subsequent 
leaching  may  have  contributed  to  the  low  U/Ti  ratio  of  these 
phases.  The  red  staining  and  occasional  magnetite  found  with 
'brannerite'  are  the  products  of  iron  oxidation.  This 
process  is  similar  to  the  one  proposed  by  Ferris  and  Rudd 
(1971)  for  the  formation  of  the  Blind  River  • b rann er i t es ' • 

Ilmenite  sometimes  occurs  in  the  same  specimen  as 
brannerite  as  interstitial  blades;  these  are  probably  a 
second  generation  of  ilmenite. 


' 
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Table  46*  Composition  of  'brannerite'  from  the  Duddridge 
Lake  region  in  weight  percentages  and  atomic  proportions 
calculated  for  six  oxygen  ions* 


DL-4 

DL— 5(  A  ) 

DL-5(  B 

Al  2O3 

0.27 

0.57 

0.49 

Si02 

3.37 

3.57 

2.86 

P2O  5 

0.  19 

0.  08 

1 . 18 

CaO 

0.  49 

0.29 

0.50 

Ti02 

50.64 

48.84 

38.27 

v2os 

1.14 

3.96 

7.06 

Fe  2C>3 

5.14 

6.60 

2.95 

PbO 

6.21 

8.72 

5.77 

uo2 

31.00 

24.21 

39.82 

To  tal 

98.45 

96.85 

98.90 

Ti 

2.13 

2.03 

1.85 

V 

0.04 

0.13 

0.23 

sum :  • Ti 1 

2.17 

2.16 

2.08 

Si 

0.02 

0.03 

0.03 

Al 

0.19 

0.17 

0 .15 

P 

0.01 

— 

0.05 

Ca 

0.03 

0.01 

0.03 

Fe 

0.21 

0.40 

0.17 

Pb 

0.10 

0.10 

0.07 

U 

0.38 

0.25 

0.44 

sum:  *U' 

0.94 

0.97 

0.94 

O 

6.  00 

6.00 

6 . 00 

• 

• 

• 
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3.  U-Pb-Si  PHASE 


In 

sampl e  s 

PL— 2,  3,  4  and  6, 

a  yellow 

phase  occurs 

as  f i l lings , 

in 

small 

clusters  and  as 

a  coating 

on  weathered 

surfaces#  It 

is 

often 

associated  with 

ca  rnot i te 

and,  more 

rarely  f  with  urani  ni  te  •  It  is  obviously  a.  secondary  mineral# 
Some  optical  properties  were  measured  and  microprobe 
analyses  are  done  on  two  grains;  no  X-ray  pattern  could  be 
obtained  because  the  grains  were  very  small  (20  microns), 
and  difficult  to  separate  from  carnotite* 

Optical  properties  :  These  were  difficult  to  measure  because 
of  the  small  size  of  the  grains  and  their  association  with 
carnotite#  Characteristics  measured  are: 

colour  :  pale  to  medium  yellow  in  hand 

specimen  and  in  thin  section  (in 
transmitted  light  ) 
birefringence  :  first  order 

refractive  index  :  close  to  1*633 

sign  :  biaxial  positive 


2V 


:  10-15*. 


CogiPPSi  flop  :  Constituents  identified  through  microprobe 
scanning  are:  silicon,  lead,  uranium  and,  in  minor  amounts 
only,  titanium#  In  plate  5,  a  backseat t e red  electron 
photograph  shows  the  shape  of  one  grain  (pale  grey)  and 
scanning  photographs  for  the  main  constituents  show  that 
these  are  uniformly  distributed#  The  U— Pb-Si  grain  thus 
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constitutes  a  single  compositional  phase. 

Quantitative  analysis  of  two  grains  including  the 
one  shown  in  plate  5  are  reported  in  table  47. 


Table  47.  Composition  of  a  U-Pb-Si  phase  from  sample  DL-3  in 
weight  percentages  and  atomic  proportions.  Water  is 
calculated  by  difference  and  atomic  proportions  are  given  on 
the  basis  of  two  uranium  ions. 


w  t% 


grain 

A 

B 

SiC2 

12.56 

11.85 

T  i  02 

0.60 

0.35 

PbO 

19.  14 

19.23 

uo3 

60.09 

60.41 

h2o 

7.61 

8.16 

at. 

prop . 

A 

B 

Si 

1.90 

2.00 

Ti 

0.04 

0.08 

Pb 

0.82 

0.82 

U 

2.00 

2.00 

O 

10.70 

10.98 

h2o 

4.13 

4.02 

Results  for  the  two  grains  A  and  B  are  very  close. 
They  suggest  a  formula  of  the  type: 

(Pb,Ti)U2Si2Qi i «4H20 

when  titanium  is  grouped  together  with  lead  or, 

Pb2U5(  Si  ,  Ti  )  s02  7  •  2 0H2  O 

when  titanium  is  grouped  together  with  silicon.  It  is  not 
possible  at  this  stage  to  give  a  definite  formula. 

The  composition  and  optical  properties  of  the  U— 
Pb— Si  phase  are  unlike  those  of  any  known  uranium  mineral. 
This  phase  Is  a  new  mineral  which  remains  to  be  better 
defined  preferably  from  a  sample  taken  i n  s 1 tu  rather  than 


from  a  boulder. 


. 


. 
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Plate  5 


Backscattered 


electron  tbs)  and  elemental  photographs  of  'ihPb-Si1 


phase  in  DL-3. 
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4.  Ti-V  PHASE 

Small  grains  10—20  microns  in  sizet  roundish  to 
diamond  shaped  and  with  reflectance  of  about  18-20%  in  air, 
occur  in  samples  DL— 1  and  8*  Two  analyses,  one  for  each 
sample,  were  carried  out.  Results  are  listed  in  table  48. 


Table  48.  Composition  of  a  Ti— V  phase  in  weight  percentages 
and  atomic  proportions.  The  atomic  proportions  are 
calculated  for  a  total  number  of  cations  equal  to  100. 


w  t  % 


sa  mple 

DL—  1 

DL—  8 

AI2O3 

1.78 

1. 78 

SiC2 

2.80 

2.  86 

P2O5 

0.11 

0.  31 

CaO 

0.29 

0.  25 

Ti02 

45.12 

43.  57 

v2o5 

30.61 

36.  11 

F e  2  O3 

5.63 

3.  86 

As  20  5 

n  .  d  • 

2.  62 

PbO 

1.50 

2.  27 

U02 

2.72 

2.  19 

Total 

90.56 

95.  82 

n.  d.  :  no  t 

de tected 

at 

prop . 

DL—  1 

DL  —  8 

Al 

3.  23 

3.12 

Si 

4.32 

4.23 

P 

0.14 

0.39 

Ca 

0.47 

0.39 

Ti 

52.48 

48.  54 

V 

31 . 25 

35.34 

Fe 

6.55 

4.32 

As 

- 

2.03 

Pb 

0.61 

0.92 

U 

0.95 

0.  72 

together 
numb  er s . 


leadi ng 


Cations  for  these  two  analyses  can 
according  to  ionic  radii,  valences 
The  simplest  groups  possible  are: 

A:  Ti  +  Fe  +  Ca  +  U  +  Pb 
B:  As  +  P  +  V  +  Al+  Si  as  R04 
to  a  general  formula  of  the  type: 


be  grouped 
and  coordination 


radi cals 


xA*  y(  B04  ) 


■ 

.  . 
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where 

x  =  61.06,  y  =  38.94 

for 

the  grain 

D 1—  1 

and  , 

x  =  54.89,  y  =  45. 11 

for 

DL-8 

Proportions  of  A 

and 

B  will  be 

consistent  for  the 

two  samples  when  vanadium  is  distributed  between  A  and  B, 
i.e. ,  when  it  occurs  not  only  as  the  radical  VO*3  but  also 
V  in  substition  for  titanium  and  iron*  For  example,  a 
shift  of  6*17  vanadium  ions  from  B  to  A  in  sample  Dl-8 
brings  its  x  and  y  values  equal  to  those  of  sample  DL-1. 

When  the  analyses  are  expressed  as  xA*  y( BO^  ),  charges  do  not 
balance  unless  oxygen  (or  any  element  of  negative  charge)  is 
added  and  the  analysis  written  as: 

( Tif Fe  )&! .06  ( P  »  ^  » Al fSi  )3e.94  Og  09, 73  for  DL—  1  ,  and 
(  Ti t  Fe 1 V  ^ 61 . 06  (  P,V+s,As,Al,Sl  )38.9*  ^20  9.29  for  DL-8 

or,  more  schematically: 

(Ti,Fe,V+3)6(  AstP,V+5,Al,Si  )4*021 

Both  grains  have  very  similar  compositions  though  sample  DL- 
1  yields  a  lower  Total.  They  are  mainly  titanium  and 
vanadium  compounds  with  significant  amounts  of  aluminium, 
silicon,  iron,  lead,  uranium,  and,  in  DL-8,  arsenic, 
calcium,  and  phosphorus.  Thorium,  tantalum  and  niobium  were 
sought  but  not  found.  Low  totals  may  result  from  the 
presence  of  light  elements,  such  as  carbon,  berylium  and 
hydrogen,  and  also  from  failure  to  return  always  exactly  to 
the  same  area  at  each  step  of  the  analysis. 

The  atomic  proportions  of  this  phase  do  not 
correspond  to  those  of  any  mineral  listed  by  Fleischer 


■ 

fj 
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(1976).  Nor  are  there  any  known  minerals  which  have  both 
titanium  and:  vanadium  as  major  constituents.  More  thorough 
studies  are  needed  to  define  this  phase  which  appears  to  be 
a  new  mineral.  As  in  the  case  of  the  U-Pb-Si  phase,  such 
studies  should  preferably  be  carried  out  on  well  localized 
samples. 

5.  RUTILE 

This  mineral  occurs  in  most  samples.  The  uranium 
content  of  rutile  was  verified  by  analysing  one  grain  from 
sample  DL-8.  Results  are  listed  in  table  49.  Thorium  and 


Table  49.  Composition  of  rutile  (sample  DL-8)  in  weight 
pe  rcent ages • 


AI2O3 
Si02 
Ti 0  2 
V2O3 
Fe203 

uo2 

Total 


0.07 

0.09 

95.58 

3.57 

0.20 

0.53 

100.04 


niobium  were  sought  but  not  found.  The  total  is  almost  100% 
and  the  analysis  appears  excellent.  The  uranium  and  vanadium 
contents  are  high  when  compared  to  analyses  reported  by  Deer 
ai* »  1973.  Indeed  for  six  rutiles  the  maximum  value  for 

vanadium  is  0.26  wt%  whilst  uranium  is  not  mentioned.  Rutile 
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in  the  Duddrldge  Lake  region  thus  reflects  the  local 
mineralizati  on • 


6*  ZIRCON 


Zircons  are  zoned  and  abundant  in  sample  DL-10. 
Compositions  for  two  grains  are  given  below  (table  50), 
Uranium  is  present  in  zircons  only  in  very  low 
co nc ent  rations* 


Table  50.  Compositions  of  zircons  from  the  Duddridge  Lake 
region  in  weight  percentages  and  atomic  proportions.  The 
latter  are  calculated  for  four  oxygen  ions. 


DL-1 

DL-10 

DL-1 

DL-1  0 

CaO 

0.02 

0  02 

Ca 

Fe  2O3 

0.03 

0.  39 

Fe 

— 

0.01 

ZrO  2 

t>4  •  96 

66.  17 

Zr 

0.99 

0.99 

Hf  203 

0.57 

0.79 

Hf 

0.01 

0.  01 

U02 

0.10 

0.  06 

U 

— 

— 

sum! 

•  Zr  • 

1.00 

1.01 

sio2 

32.24 

32.  71 

Si 

1.  01 

0 

0 

• 

Al203 

0.01 

0.  01 

Al 

— 

— 

sum: 

•  Si  • 

1.01 

1.00 

To  ta  l 

97.9 

100.15 

O 

4.  00 

4.00 

S  •  ££ 
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7.  MONAZITE 


Monazi tes  were  identified  in  samples  DL-5  and  7; 
they  are  zoned  and  not  abundant#  No  complete  analyses  were 
done  but  thorium  and  uranium  contents  were  estimated  by 
comparing  count  rates  (peak  minus  background)  with  those  of 
monazites  from  Baie  Johan  Beetz.  Results  are  listed  in  table 
51 •  Cleary t  monazi te  is  enriched  in  thorium  rather  than  in 
uranium*  However  »  all  monazites  from  these  samples  probably 
do  not  have  thorium  and  uranium  contents  close  to  those 
listed  in  table  DL**S  ,  since  they  are  zoned  and  variable  in 
si  ze  • 


Table  51*  Thorium  and  uranium  weight  percentages  in  two 
monazites  from  sample  DL— 10 


Sample 

Th 

U 

DL  —  10(A) 

5.53 

0.34 

DL— 1 0( B  ) 

5.91 

0.33 

6 

' 
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8.  APATITE 


Apatite  is  a  possible  host  for  uranium*  However* 
in  the  Duddridge  Lake  area  its  uranium  content  is  nil  or,  at 
any  rate,  below  the  limit  of  detection  of  the  electron 
raicroprobe  using  wavelength  dispersive  analysis.  No  complete 
analyses  were  done  for  this  mineral. 


C-  CONCLUSIONS 


The  samples  from  the  Duddridge  Lake  region  are 
enriched  in  uranium,  vanadium,  copper  and  cobalt.  This 
association  is  not  accompanied  by  thorium.  The  main  uranium- 
rich  minerals  are  uraninite,  brannerite,  two  new  minerals,  a 
D-Pb-Si  and  a  Ti— V  phase,  and  carnotite;  the  latter  two  are 
also  vanadi um— ri ch  phases.  Copper  minerals  observed  are: 
chalcopyrite  and  bornite;  cobalt  minerals  are  cobaltite  and 
saf f lorite.  Rutile  is  not  an  important  uranium  bearer  but 
nevertheless  it  is  unusually  rich  in  uranium  and  vanadium 
and  thus  reflects  the  regional  mineralization.  Yellow 
staining  of  the  specimens  and  the  occurrence  and  habit  of 
carnotite  and  the  U— Pb— S i  phase,  indicate  that  they  were 
affected  by  significant  weathering. 

Any  hypotheses  for  the  genesis  of  the 
mineralization  in  the  area  studied  must  take  account  of  : 
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th^  association  of  uranium*  vanadium  and  copper* 
common  in  epigenitic  sandstone  hosted  deposits  and 
the  presence  of  cobalt  which  is  generally  absent  in 
sedimentary  deposits  but  encountered  in  vein  type 
deposits  such  as  those  of  the  Great  Bear  Lake 
district ; 

2“"  the  absence  of  thorium  in  uraninite  and  ‘brannerite* 
which  probably  indicates  the  epigenitic  nature  of 
the  mineralization; 

3-  the  fact  that  uranium  is  enriched  in  both  meta- 
sediments  ( arksose  and  quartzite)  and  basement  rock. 
This  suggests  remobilization  of  already  existing 
uranium  concentration  during  metamorphism; 

4-  the  age  of  uraninite:  this  suggests  a  type*  or  at 
least  a  period,  of  deposition  different  from  that  of 
the  vein  deposits  of  the  Athabasca  basin; 

5-  the  apparent  absence  of  chloritic  and  argilitic 
alteration  associated  with  vein  type  deposits  such 
as  those  at  Rabbit  Lake; 

6-  the  lateral  continuity  of  the  mineralization  over  40 
miles*  its  restriction  to  the  basal  horizon  of  the 
stratigraphic  sequence  and  its  occurrence  as  lenses 
all  reveal  the  stratabound  character  of  the 

mi ne  ral i za  t ion ; 

7-  the  fact  that  the  sedimentary  environment  of  the 
supracrustal  rocks  changes  upward  and  westward  from 


continental  to  marine:  this  does  not  eliminate  the 


* 
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■ 
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possibility  of  having  pegmatite  or  vein  type 
deposits  but  nevertheless  offers  controls  for 
sedimentary  deposition. 
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From  the  above  considerations  we  may  conclude  that 
the  Duddrldge  Lake  mineralization  originated  at  moderate  to 
low  temperature.  The  model  favoured  is  one  of  epigenetic  ( or 
diagenetic)  deposits  redistributed  during  me tamorphi sm  (1700 
—  1750  Ma ) •  It  should  be  noted  that  certain  aspects,  such  as 
the  uranium-vanadiura-copper  association  and  the  type  of  rock 
hosting  the  ore  minerals  (arkose),  suggest  a  Colorado  type 
sedimentary  deposit.  On  the  other  hand,  the  presence  of 
cobalt  and  location  of  the  mineralization  in  the  vicinity  of 
the  limit  between  continental  and  marine  domains,  together 
with  the  presence  of  restricted  basin-type  sediments 
overlying  the  mineralized  rocks,  suggest  a  similitude  with 
the  Shi nko lowbe  deposit  in  the  Copper  Belt  of  Katanga. 


, 
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CHAPTER  IX 


CHARLEBOIS  LAKE 


A-  DESCRIPTION 


1.  LOCALIZATION 

This  region  (fig.  11)  is  part  of  the  Churchill 
Province.  It  is  located  in  the  Athabasca  region  of  northern 
Saskatchewan,  about  15  km  north  of  Black  Lake,  35  km 
northeast  of  Stony  Rapids  and  220  km  east  of  Uranium  City. 

PREVIOUS  WORK 

Mapping  of  the  Charlebois  Lake  area  has  been  done 
at  a  scale  of  1  mi: 1  inch  by  Mawdsley  (1957).  The  geology 
has  been  described  by  the  same  author  (1952,  1957,  1958) 

and,  on  a  larger  scale,  by  Beck  (1967,  1969,  1970)  who 

studied  the  uranium  deposits  of  the  Athabasca  region.  Morra 
(  1977  )  has  prepared  a  thesis  on  the  geology  of  the 
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Fig.  II  Charlebois  Lake  area  (amplified  after  Morra,  1977) 
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Charlebois  Lake  area# 

Radioactivity  in  the  area  (fig.  11)  was  first 
reported  in  1948  (Mawdsley,  1952).  Prospecting  and 
exploration  was  then  initiated  and  continued  in  a  sporadic 
fashion  until  1974  when  rights  over  the  area  were  acquired 
by  Fosago  Exploration  Ltd.  who  initiated  Morra's  work  with  a 
view  to  determining  the  economic  potential  of  the  numerous 
radioactive  occurrences. 


2.  GENERAL  GEOLOGY 


The  Athabasca  region,  as  described  by  Beck  (1969, 
p  8),  is  underlain  by  a  basement  complex  of  Archean  or 
Aphebian  age  constituted  mostly  of  "...paragneisses  with 
minor  sedimentary  rocks  to  which  the  term  Tazin  Group  has 
been  applied."  All  have  been  metamorphosed  and  partly 
replaced  or  intruded  by  granites  during  the  Hudsonian 
Orogeny  (1750—1950  my).  Locally,  conglomerate,  arkose, 
sandstone,  siltstone  and  basalt  flows,  probably 
Paleohelikian,  rest  on  the  basement  complex.  All  are  cut  by 
basic  dykes. 


This  region  "is  one  of  the  world's  largest  and 
most  important  mineralogic  provinces  of  vein— type 
pitchblende  deposits  and,  in  addition,  contains  numerous 
other  radioactive  showings  of  economic  interest  including 
pegmatite  and  occurrences  of  uraninite  in  crystalline 


■ 


. 


201 


basement  rocks'*  (Beck,  1969,  p.  31). 

In  the  Chari eboi s  Lake  area,  Morra  (1977)  has 

e ^ ^ ngui shea  eight  lithologic  units!  they  are  from  upper  to 
lower! 

H  -  dykes  and  irregular  bodies  of  pink  pegmatite 
G  —  quartzites 
F  -  biotite  gneiss 

E  -  hornblende  gneiss  and  amphibolite 
D  —  calc  —  silicate  rocks 
C  —  migmatite 

B  —  gran odi o r i ti c  granofels 
A  —  granitic  and  tonalitic  gneiss 

The  name  Charlebois  Lake  Complex  has  been  applied  to  unit  A 
to  G  by  Morra  (1977). 

The  Charlebois  Lake  area  (fig.  11)  is  underlain 
mostly  by  granitic  and  tonalitic  gneisses  while  units  B  to  G 
occur  as  bands  bringing  out  the  structure  of  the  area. 


3.  DESCRIPTION  OF  LITHOLOGICAL  UNITS 


The  following  brief  description  is  based  on  that 


of  Morra  (  1977  )  except  where  otherwise  stated. 
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A~_  Qr&n i t i c  and  tonalltic  gneissss 

These  occur  mainly  in  the  core  of  an  antiformal 
structures •  Layers  of  amphibolite  are  intercalated  in  the 
upper  part  of  these  gneisses  where  they  grade  into 
granodioritic  granofels  and/or  migmatites. 

B--£ra_nodipritic  granofels 

This  unit  was  named  pegmatitic  granite  by  Mawdsley 
(1952  ).  It  ranges  in  composition  from  diorite,  to  tonalite, 
to  alkali— feldpar  granite.  I t  is  distinguished  from  the 
granitic  gneiss  mainly  by  its  coarser  grain  size;  indeed  the 
grain  size  ranges  from  0.5  to  1  mm  in  the  granofels  and  from 
3  to  30  mm  in  the  granitic  gneiss.  This  unit  "occurs  almost 
wholly  along  and  close  to  the  granite  and  gnei ss  contacts 
with  the  aetasediments..."  Mawdsley  (1952,  p  369).  'Granite 
and  gneiss'  correspond  to  granitic  and  tonalitic  gneiss 
(unit  A)  on  the  map  (fig.  11).  Zones  of  migmatites  (unit  C  ), 
and  veins  and  pockets  of  quartz  are  associated  with  the 
granof e Is. 

C-  Migmatites 

These  are  felsic  bands  composed  chiefly  of  quartz, 
plagioc lase  and  microc line  intercalated  with  biotite  or 
hornblende  rich  bands.  This  rhythmic  variation  is  imputed  to 
compositional  variation  in  the  original  sediments  and  to 
exudation  during  their  metamorphism.  Mawdsley  (1952) 
interprets  the  migmatites  as  being  of  igneous  origin  as  he 
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terms  them  injection  migmatites, 

Dr  Cftlcrsi.licate  rocks 

This  unit  includes  amphibole— d iopside  gnelssj 
talc-serpentine-carbonate  marble,  and  sericite- 
Phlogopi te/bioti te— di ops ide  gneiss.  It  "forms  the  bulk  of 
what  appears  to  be  a  definite  horizon  within  the  folded 
metasediments  of  the  area"  (  Mawdsley,  1952,  p.  368  ). 

£z.  Hornblende  gn^j^g  ,  _  jasiphibol  i  t  e :  F-  bintity  cc 

These  two  units  are  intimately  associated.  The 
amphibolite  is  not  foliated  while  the  biotite  and  the 
hornblende  gneiss  are  well  foliated. 

G-  Quartzite 

This  unit  only  occurs  in  minor  amounts  usually  as 
thin  beds  and  lenses. 

£z.  gfififflfttlte  ,  ctyfres  and  Irregular  bodies  of  tzranitic 

These  cut  across  all  the  aforementioned  units  in 
the  Charlebois  Lake  area.  They  are  essentially  composed  of 
pink  microcline,  plagioclase  and  quartz.  Dykes  are  present 
southeast  of  Charlebois  Lake  and  north  of  Guppy  Lake,  small 
bodies  also  occur  north  of  Guppy  Lake  and  between  Charlebois 


Lake  and  Sprekley  Lake. 
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4,  STRATIGRAPHY 

The  stratigraphic  relations  between  the  various 
units  have  been  interpreted  somewhat  differently  by  Morra 
(  1977  )  and  by  Mawdsley  (  1952  )•  Table  52  compares  both 
interpretations*  The  main  divergence  expressed  in  this  table 
arises  from  the  situation  of  units  A,  B  and  C*  These  are 
considered  to  be  the  lower  members  of  a  sedimentary  suite, 
namely  the  Charlebois  Lake  Complex,  by  Morra  <1977)  while 
Mawdsley  (1952)  describes  them  as  intrusive  rocks  in  a 
sedimentary  sequence,  the  Tazin  Group.  In  the  Beaverlodge 
area,  Tremblay  (  1968  )  has  defined  two  lithological  sequences 
of  the  Tazin  Group,  separated  by  a  northeast  fault.  By 
comparing  the  above  stratigraphic  sequence  with  that  of 
Tremblay,  it  can  be  seen  that  they  cannot  be  directly 
correlated  and,  that  members  such  as  the  ca Ic- si li ca te  rocks 
and  the  quartzite  beds  can  be  compared  to  more  than  one 
single  unit  of  the  Tazin  Group  of  the  above  area.  Indeed, 
the  Tazin  Group  in  the  Beaverlodge  area  comprises  at  least 
two  units  composed  one  in  part  and  the  other  wholly  of  calc- 
silicate  rocks;  they  are  unit  3  ar.d  unit  9  in  the  western 
part  of  Tremblay* s  map  (1968).  Quartzites  are  numerous  in 
the  Beaverlodge  area,  and  Tremblay  has  distinguished  at 
least  12  map— units  containing  such  rocks. 

Thus  the  attempt  to  correlate  the  lithological 
suite  A  to  G  with  the  Beaverlodge  area  and,  to  define  it 
relative  to  the  Tazin  Group,  was  unsuccessful. 
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Table  52.  Stratigraphy  of  the  Charlebois  Lake  3.  rea, according  to  Mawdsley  (1952)  and  Morra  (1977). 
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5.  STRUCTURE 

The  dominati  ng  structural  features  of  the 
Charlebois  Lake  area  are  three  major  antiforms  oriented 
south  to  southwest.  They  are  separated  in  one  case  by  a 
synf orra  (between  Sprek ley  Lake  and  Charlebois  Lake)  and  in 
the  other  by  a  fault  (  between  Charlebois  Lake  and  Pegasus 
Lake  ) • 

The  cores  of  the  antiforms  are  occupied  by 
granitic  to  tonall tic  gneisses*  while  stratiform  bands  of 
units  B  to  G  appear  pinched  between  more  rigid  bocks  of  the 
granitic  and  tonalitic  gneisses.  This  suggests  that  the 
latter  might  have  been  a  basement  complex  beneath  units  B  to 
G  • 

The  general  concordance  and  parallelism  between 
the  granodiori tic  granofels  and  migmatites  and  the  upper 
metasediments  suggest  that  these  are  all  part  of  a 
sedimentary  sequence.  It  should  also  be  noted  in  figure  11 
that  the  calc-silicate  horizon  follows  the  antiformal 
structure  around  Pegasus  Lake  as  a  single  band*  while  two 
bands  of  it  appear  northeast  of  the  antiform;  they  are 
separated  by  the  upper  hornblende  gneiss  and  amphibolite. 
This  suggest  the  presence  of  a  synform  parallel  to  the 


northeast  trending  fault  shown  by  Morra  (1977). 
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6.  METAMORPHISM 

The  metamorphic  mineral  assemblages  identified  in 
the  Charlebois  Lake  area  are  listed  in  table  53.  They  place 
the  degree  of  metamorphism  in  the  intermediate  to  upper 
amphibolite  facies.  Quantitatively  insignificant  retrograde 
metamorphism  in  the  whole  area  (unit  A  to  G  )  and  short 
distance  migration  of  potassium  in  the  migraatites  have  also 
been  reported  (Mom,  1977). 

Table  53.  Metamorphic  mineral  assemblages  from  the 
Charlebois  Lake  area  (after  Morra,  1977). 

units  assemblages 

quartz-o l igoc l as  e— m i crocline-b i o t i te -chlorite 

quartz— oli go cl ase-mi croc l ine-bi o ti te-muscovi te 

quartz^andes in  e-biot ite- hornblende 

quartz-andes  ine-tnicrocline-bioti  te-sillimani  te 

quar t  z— o ligoclas  e— m icroc line— muscovi te  — bi o  ti te- 
sillimani  te— ga  rnet 

quart z-andes ine— hornb lende— d iops ide 
se  ric i te  — diops ide— a c  t inol i te— hornb l ende 
carbonate— talc— serpent ine 


A, B,C— 
A  f  B  y  C  — 

E 

C 

F 

E 

D 

D 


. 


■ 


2  08 


7.  MINERALIZATION 

The  Charlebois  Lake  area  is  part  of  a  uranium 
mine ra logic  province.  Except  for  the  dykes  and  small  bodies 
of  pink  pegmatite,  all  rock— types  encountered  in  the  area 
are  enriched  in  uranium  by  at  least  a  factor  of  3  relative 
to  the  average  concentration  in  similar  rock-types  (Morra, 
1977);  similarly  they  are  enriched  in  thorium  by  at  least  a 
factor  of  1.5  and  as  much  as  6  in  the  case  of  granitic 
gneiss  (Morra,  1977).  The  Th/U  ratio  is  close  to  1.5  in  the 
granitic  gneiss,  the  biotite  gneiss,  the  amphibole  gneiss 
and  in  the  amphiboli te;  it  is  approx ima t ly  0.8  in  the  calc- 
silicate  rocks  and  0.3  in  the  migmatites  and  granodior itic 
granof e l s  (Morra,  1977).  All  the  important  showings  occur  in 
a  more  or  less  continuous  fashion  in  the  granofels  and  in 
the  migmatite  between  the  granitic  gneiss  and  the  calc- 
silicate  horizon.  The  latter  is  always  barren  of 
mineralization  but  the  gneiss  generally  has  higher 
radioactivity  when  in  contact  with  ‘showings*. 

Uranium  occurs  mainly  as  uraninite  partially 
altered  to  1  gumaiite1  ,  and  in  a  lesser  amount,  in  betafite 
(?),  thucholite,  secondary  uranophane  and  metamict  zircon. 
Molybdenite,  apatite,  sphene,  pyrrhotite  and  magnetite  are 
also  common  in  the  ‘ showings* • 

Controversial  hypotheses  for  the  formation  of  the 
uranium  deposits  have  been  presented;  according  to  Morra 
(1977,  p.v),  "geological  and  radiometric  data  suggest  that 
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"the  mineralizati  on  present:  in  the  Charlebois-Higgenson  Lake 
area  may  have  originally  been  of  syngenetic  sedimentary 
origi n  y  prior  to  its  metamorphism  and  that  the  parent  rocks 
granitic  and  tonalitic  gneiss  of  the  area  constitute 
the  most  likely  source-rocks  of  the  uranium  deposits".  Based 
on  Mawdsley's  work  11952),  Beck  (1969)  describes  the 
mineralization  as  Hit-par-lit'  type  deposits,  i.e.,  uranium 
rich  pegmatites  intrusive  in  to  the  metasediments. 

Whatever  the  interpretation,  it  is  certain  that 
the  radioactive  showings  occur  in  the  granofels  and  in  the 
migmatites.  Their  more  or  less  continuous  distribution 
around  the  granitic  gneiss  and  in  the  folds  emphasises  the 
structure  of  the  area. 


B=.-  ANALYSIS 

Five  samples  were  collected  in  the  Charlebois  Lake 
region  (fig.  11).  All  were  chosen  from  zones  of  high 
radioactivity.  I dent  if 1c a ton  and  petrographic  descriptions 
are  given  in  appendix  IV. 

The  main  constituents  are  quartz,  orthoclase, 
plagioc  lase,  biotlte,  muscovite  with  minor  amounts  of 
uraninite,  monazite,  zircon  and  occasio nal ly ,  apatite, 
pyrite,  hematite  and  galena.  /?—  ur anophan e  occurs  as  a 
coating  on  some  of  the  samples. 
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Ura.ninJ.te  and  j9-uranophane  were  investigated  in 
detail;  uranium  and  thorium  in  monazite  were  determined 
qualitatively;  one  anaylsis  of  zircon  is  presented.  The 
analysis  for  ^-uranophane  is  given  in  a  previous  chapter 
(analysis  of  standard  materials).  No  uranium  or  thori un  we  re 
detected  in  the  apatite. 


1.  APPEARANCE  of  uraninite  and  monazite 

In  some  samples  (CL-2,  4,  and  5A  )  uraninite, 
monazite  and  also  zircon  occur  mostly  included  in,  or  in 
contact  with,  biotite;  in  the  other  samples  (CL-1,  3  and 
5B ),  it  is  distributed  randomly. 

In  transmitted  light,  uraninite  is  present  as  dark 
green  to  brown  material  rimmed  by  a  reddish  zone.  Grains 
included  in  feldspar  and  quartz  are  somewhat  less  altered 
than  those  included  in,  or  in  contact  with,  biotite.  But 
nevertheless  in  most  cases,  they  are  fractured  and  altered, 
with  only  a  few  fragments  of  uraninite  remaining  which  are 
suitable  for  microprobe  analysis.  Monazite  is  zoned  and, 
like  uraninite,  it  is  surrounded  by  a  reddish  rim. 

Chemical  relations  between  uraninite  (or 
monazite  ),  its  reddish  rim,  and  its  host  mineral  were 
investigated.  Backseat tered  electron  and  X-ray  scanning 
photographs  were  taken  for  a  particularly  good  looking 
uraninite  and  a  monazite  (plates  6  and  7,  re spec t i ve ly )  •  The 
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microns 


Plate  6  :  Backscattered  electron  (bs)  and  elemental  photographs 


of  uraninite  in  CL  —  I . 
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microns 

Plate  7  •  Backscattered  electron  (bs)  and  elemental  photographs  of  monazite  in  CL-I. 
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main  constituents  of  uranini  te  are  uranium}  ‘thorium  and  lead 
wifh  minor  amounts  of  silicon*  calcium  and  iron#  The  main 
constituents  of  monazite  are  phosphorus*  rare— earths  and 
thorium  with  minor  amounts  of  uranium*  iron  and  silicon.  In 
the  backseat tered  electron  photographs  the  white  areas 
represent  uraninite  (plate  6)  and  monazite  (plate  7),  the 
dark  areas  are  their  host  mineral  (feldspar)  and  the 
intermediate  grey  represents  their  reddish  rims.  In  both 
cases  the  rims  show  a  high  concentration  of  iron.  They  are 
enriched  in  lead  and  uranium  relative  to  the  feldspar  and  in 
silicon  (and  other  feldspar  constituents)  relative  to 
uraninite  and  monazite.  Thorium  is  restricted  to  uraninite 
and  monazite  grains*  and  phosphorus  to  the  monazite  grain. 
Backsca ttered  electron  and  X-ray  scanning  photographs  of  a 
typical  uraninite  are  also  presented  (plate  8).  The 
backsca t ter ed  electron  photograph  shows  a  fractured  grain  or 
a  cluster  of  grains  of  high  average  atomic  number  (white 
spots).  X— ray  scanning  photographs  show  that  uranium  and 
thorium  vary  sympathetically*  and  are  abundant  in  only  part 
of  the  'grain1;  lead  is  concentrated  with  iron  in  other 
parts,  and,  finally,  silicon  is  present  throughout  the  area 
but  in  higher  concentrations  where  uranium  and  thorium  are 
low  and  where  iron  is  intermediate.  In  the  present  case*  the 
thorium  distribution  cannot  be  used  because  of  the  high 
background.  Indeed,  thorium  variations  are  low*  and 
therefore  its  photograph  indicates  changes  in  the  average 
atomic  number  of  the  grains  rather  than  in  the  thorium 
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microns 


Plate  8  :  Backscattered  electron  (bs)  and  elemental  photographs  of  uraninite  in  CL- 5 
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diet  ributi on • 

X— r>ay  powder  photographs  of  some  reddish  coated 
uraninite  yielded  two  patterns j  one  of  uraninites,  and  a 
second  of  hematite. 

It  should  be  noted  also  that  the  reddish  rims  are 
prominent  when  uraninite  and  monazite  are  related  to 
biotite,  less  when  these  are  included  in  feldspar  and  almost 
absent  when  included  in  quartz. 

It  is  proposed  that  the  rims  form  by  migration  of 
uranium  out  of  uraninite  and  monazite  (lead  behaves  as 
uranium  at  least  in  uraninite),  and  by  migration  of  iron 
toward  uraninite  or  monazite.  Oxygen  produced  during 
radiogenic  decay  of  uranium  and  thorium  oxidizes  the  iron  of 
the  biotite  around  the  uraninite  or  monazite  grain  and 
creates  a  concentration  gradient  which,  in  turn,  induces 
further  diffusion  of  Fet2  towards  uraninite  or  monazite 
resulting  in  a  hematite  coating. 

2.  URANINITE 

Five  uraninite  grains  where  analysed  (table  54). 
Low  totals  are  imputed  to  the  poor  quality  of  the  grain,  the 
possible  presence  of  a  larger  portion  of  uranium  occuring  as 
U+6,  and  also  to  the  likely  presence  of  volatiles  such  as 
helium.  The  analyses  show  that  the  thorium  to  uranium  ratio 
is  uniform  in  the  various  samples.  Rare-earths  were  sought 


* 
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Table  54*  Composition  in  weight  percentages  of  uraninites 
from  the  Charlebois  Lake  region*  Lead  is  given  a  valence  of 
two  and,  uranium  a  valence  of  four  with  an  amount  of 
hexava lent  uranium  equal  to  the  amount  of  lead  present* 


Sample 

CL—  1 

CL-5A1 

CL-5A2 

CL-5B1 

CL-5B2 

A  l  2  O3 

0.70 

0.25 

0.26 

0.13 

0.21 

SiOa 

3.79 

2.22 

4.24 

0.64 

1 .03 

CaO 

1.55 

0.31 

1.40 

0.67 

0.62 

Fe  2  O3 

0.10 

0.59 

0.  97 

0.10 

0.34 

PbO 

16.08 

14.33 

14.31 

18.86 

17.28 

Th02 

7.84 

5.17 

5.31 

5.80 

5.37 

UO2-3 

66*  26 

69.04 

68.  36 

68.14 

67.21 

Total 

96.32 

91.91 

94.85 

94.34 

92.07 

but  not  found  in  these  uraninites* 


Age 


Approximate  ages  were  calculated  by  the 
described  for  the  Bale  Johan  Beetz  uraninites*  As 


method 
can  be 


Table  55.  Approximate  ages  for  uraninites  from  the 
Charlebois  Lake  region* 


sample 

age  C  Ma ) 

CL—  1 

1783 

CL-5A1 

1546 

CL-5A2 

155  8 

CL-5B1 

2054 

CL-5B2 

1910 

seen  in  table  55 »  the  five  uraninites 
ages*  The  lower  values,  1546  and  1558 
a  rock  specimen  containing  galena.  It 


yield  a  wide  range  of 
Ma  were  obtained  from 
is  reasonable  to 


• 

• 

- 

- 
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assume  that  galena  formed  from  radiogenic  lead  expelled  from 
ur aninite.  This  would  obviously  decrease  the  apparent  age  of 
the  latter*  Thus  1546  51a  and  1558  Ma  are  not  representative 
of  the  age  of  the  mineralization,  but  may  reflect  a 
subsequent  period  of  readjustment.  Three  values  remain. 
Uraninite  CL— 1  which  yielded  1783  Ma  has  a  pronounced 
migration  rim  (plate  6).  It  is  therefore  expected  that  the 
lead  to  thorium  plus  uranium  ratio  has  been  altered  and  that 
1783  Ma  is  not  representative  of  any  definite  period. 
Uraninite  CL-5B-2  is  somewhat  altered  and  yielded  1910  my; 
sample  CL-5B1  appeared  fresh  and  yielded  2054  my. 

The  only  conclusions  that  can  be  drawn  from  the 
approximate  apparent  ages  is  that  most  uranini tes  have  not 
behaved  as  closed  systems  since  their  formation,  and  that 
mineralization  in  the  area  has  a  minimum  age  of  2054  my. 


3.  MONA2ITE 

Monazi tes  are  common  in  the  samples.  Like 
uraninites,  they  are  often  surrounded  by  a  hematitized  rim. 
No  complete  quantitative  analyses  of  monazite  were  done,  but 
the  thorium  and  uranium  contents  were  estimated  by  comparing 
their  count  rates  (peak  less  background)  with  those  of 
monazites  from  Baie  Johan  Beetz. 

The  thorium  content  of  monazite  varies  not  only 
from  one  grain  to  another  (table  56),  but  also  within  single 


. 
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Table  5  6.  Uranium  and  thor i um  we i gh t  percentages  of  two 
monazites  from  the  Charlebois  Lake  region  (CL-l,  CL-5A  )• 


Sample 

U02 

Th02 

CL—  1 

0.49 

14.95 

C1-5A 

0.42 

4.00;  9 

grai  ns  (4«00  and  9*87  wt1;*  TI1O2  were  obtained  f  rom  two 
different  areas  of  the  same  grain.  Uranium,  on  the  other 
hand,  is  low  and  uniform. 


4.  ZIRCON 


Zircons  in  the  samples  are  colourless  to  brownish 
in  transmitted  light;  they  do  not  give  rise  to  radiogenic 
haloes  when  included  in  biotite.  Analysis  of  one  grain 
(table  57)  shows  a  low  uranium  content  compared,  for 
example,  to  the  average  content  of  zircons  from  Baie  Johan 
Beetz  (0.66  wt%  UO2  )  •  Thorium  was  sought  but  not  found.  The 
absence  of  haloes  presumably  results  from  the  low  content  of 


radiogenic  elements. 


. 
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Table  57 •  Composition  of  zircon  from  one  sample  of  the 
Charlebois  Lake  region  in  weight  percentages  and  atomic 
proportions*  The  latter  are  calculated  for  four  oxygen  ions* 


CaO 

0.  01 

Ca 

<0.01 

Fe  2O3 

0.  75 

Fe 

0.02 

Zr02 

64.  83 

Zr 

0.97 

Hf  2O3 

1. 24 

Hf 

0,01 

uo2 

0*  16 

U 

<0.01 

sum: 

•Zr' 

1 .00 

Al  203 

0*  02 

Al 

<0.01 

Si02 

32.  89 

Si 

1.01 

sum: 

•  Si  • 

1.01 

Total 

99.  90 

O 

4.00 

C-  CONCLUSIONS 

Samples  from  the  Charlebois  Lake  region  are 
enriched  in  uranium  and  thorium*  Uranium  is  present  mainly 
in  uraninite,  thorium  in  monazite  and  to  a  smaller  extent, 
in  uraninite*  £-uranophane  is  an  alteration  product  which 
coats  some  of  the  samples*  Betafite  and  thucholite, 
previously  reported  in  the  area  (Morra,  1977),  were  not 
found  in  the  samples  studied* 

Hypotheses  for  the  genesis  of  mineralization  must 
account  for: 

1—  the  association  of  uranium  and  thorium,  indicating  a 
relatively  high  temperature  of  formation; 

2—  the  fact  that  all  rock— types  encountered  in  the 
area,  with  the  exception  of  dykes  and  small  bodies 
of  pink  pegmatite,  are  enriched  in  uranium  and 


thori  um; 


' 
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"the  stratigraphic  and  litho  logical  control  of  the 
mine  rai i za  t i on ; 

4-  the  restriction  of  significant  anomalies  to  the 
granofels  and  migmatites  located  between  the 
granitic  gneiss  and  the  calc-silicate  horizon; 

5—  an  approximate  age  of  2054  Ma  for  uraninite  and  the 
mineraliza  t i on • 

Considering  the  above  facts,  it  appears  that 
mineralization  in  the  migmatites  and  granofels  occurred  in 
two  stages.  Firstly  by  the  deposition  of  uranium  and  thorium 
enriched  sediments.  Indeed,  all  me ta— s edi me nta ry  rocks  of 
the  area  are  enriched  in  uranium  and  thorium  as  is  their 
source,  the  granitic  gneiss  ( Morra,  1977).  A  secondary 
enrichment  occurred  when  mineralizing  fluids  possibly 
expelled  from  the  granitic  gneiss  during  metamorphism, 
propagated  through  the  migmatites  and  granofels  horizon, 
thereby  increasing  and  redistributing  the  uranium  and 
thorium.  These  fluids  were  probably  limited  in  their 

by  the  overlying  impervious  horizon  of  calc- 
silicates.  This  second  stage  probably  occurred  during  the 
Hudsonian  orogeny  and  may  well  be  synchronous  with  the  first 
major  uranium  mineralizing  event  (epigenitic  deposits)  in 
the  Beav er lodge  area:  1975-1950  my  (Tremblay,  1972).  In  the 
latter  region  we  know  that  a  period  of  faulting  and  shearing 
accompanied  by  uranium  redistribution  took  place  around 
1240  Ma  ago  (Tremblay,  1972).  Similar  events  may  have 


* 
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occurred  In  the  Charlebois  Lake  area  but  their  effects  were 
not  strong  enough  to  induce  uranium  redistribution  and 
formation  of  vein  type  deposits.  It  follows  that  faults 
which  cross  the  Charlebois  Lake  area  may  be  related  to  the 
family  of  faults  of  the  Beaverlodge  area  which  have  been 
repeatedly  active  after  the  Hudsonian  orogeny. 

This  hypothesis  differs  from  the  one  proposed  by 
Morra  (1977)  by  the  assumption  that  a  second  stage  of 
enrichment  took  place.  It  does  not  imply,  nor  does  it 
exclude,  as  in  Beck's  hypothesis  (1969),  the  intrusion  of 
important  amounts  of  granitic  material. 


CHAPTER  X 


CONC LU  S ION 


This  work  has  demonstrated  the  usefulness  of  the 
electron  microprobe  in  the  study  of  uranium  and  thorium 
minerals#  It  has  also  brought  out  various  aspects  in  need  of 
improvement,  especially  the  establishment  of  analytical 
standards,  correction  procedures  and  to  a  lesser  extent, 
wi th  the  time  required  for  an  analysis# 

The  most  reliable  standards  were  found  to  be 
simple  synthetic  compounds  such  as  oxides.  Carbides, 
fluorides  and  silicides  could  be  used  provided  they  can  be 
obtained  as  single  phase  grains  of  more  than  50  microns# 

It  appears  that  corrections  applied  by  FEPAC  give 
better  results  than  those  applied  by  COR-2.  Owing  to  the 
fact  that  FEPAC  does  not  print  out  detailed  corrections,  the 
source  of  the  differences  in  the  results  could  not  be  traced 
back#  Because  FEPAC  recalculates  many  of  the  parameters 
needed  for  the  various  corrections,  it  is  not  necessary  to 
create  and  store  an  extensive  data  file  for  this  programme. 
Compared  to  COR-2,  this  approach  is  more  flexible  and  more 
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amenable  to  use  by  workers  not  familiar  with  the  detail  of 
the  programme.  FEPAC,  however,  cannot  be  installed  directly 
in  most  computing  systems  without  carrying  out  language 
mod if ications. 

In  general,  correction  procedures  remain  somewhat 
inadequate.  Improvement  could  result  from  the  determination 
and  refinement  of  empirical  factors  for  X-ray  lines  shorter 
than  the  uranium  and  thorium  M  absorption  edges  through  more 
analyses  of  a  larger  number  of  simple  compounds.  However, 
better  understanding  of  the  ZAF  effects  through  basic 
studies  would  be  more  satisfactory  and  of  wider  usefulness. 

Compared  to  other  methods  of  analysis,  the 
electron  microprobe  is  rapid.  This  could  be  further  improved 
by  using  a  fully  automated  instrument.  The  use  of  EDA  with 
an  appropriate  correction  programme  would  also  reduce 
considerably  the  time  required  for  analysis  and  have  the 
advantage  of  determining  simultaneously  all  elements  needed. 
Such  an  approach  was  beyond  the  scope  of  this  study.  It  is 
also  doubtful  whether  the  resolution  of  present-day  solid- 
state  detector  systems  such  as  the  one  in  use  at  the 
Deparment  of  Geology  of  the  University  of  Alberta  (Smith  and 
Gold,  1976)  is  sufficient  to  unravel  the  problem  of 
overlapping  L-lines  of  the  rare-earth  group  and  other  heavy 
elements  which  are  commonly  present  in  primary  uranium-  and 
thorium-minerals.  However,  secondary  uranium  minerals  often 
have  a  simpler  chemistry  and  may  be  more  amenable  to  this 


approach 
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In  the  study  of  uranium  compounds*  uranium 
minerals,  and  some  of  their  deposits,  the  electron 
microprobe  has  proven  useful  in  five  main  ways. 


1- 


2- 


3- 


It  is  possible  to  identify  uranium  minerals  on  the 
basis  of  their  composition,  and  moreover  to  analyse 
quantitatively  such  minerals  and  other  uranium 
compounds  with  both  precision  and  accuracy.  Indeed, 
precision  and  accuracy  achieved  on  uraninites  were 
sufficient  to  allow  the  calculation  of  meaningful 
ages  and  to  distinguish  between  uraninites  of 
different  'ages'. 

It  was  possible  to  define  the  mineralogy  of  the 
three  regions  considered,  and  also  to  identify 
minerals  which  were  not  identifiable  by  microscopic 
examination  and  would,  therefore,  have  required 
tedious  separations  and  chemical  analyses.  Even 
then,  it  might  not  have  been  possible  to  make  the 
determination  due  to  possible  contamination,  or  to 
an  insufficient  amount  of  material;  such  was  the 
case  of  the  U— Pb—Si  phase  from  Duddridge  Lake.  It 
was  also  possible  to  study  compositional  variability 
and  internal  zoning  of  certain  phases  such  as 
alianite,  and  monazite. 

When  analysing  separated  minerals,  a  doubt  always 
arises  as  to  whether  minor  elements  are  due  to  the 


presence  of  impurities  or  to  chemical  substitution. 


. 
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Investigation  of  the  nature  and  extent  of  chemical 
substitution  is  thus  facilitated  and  put  on  firmer 
ground  by  microanalysis  of  single  grains,  as 
exemplified  by  the  analyses  of  allanite,  zircon  and 
•brannerite* • 

Two  new  minerals  were  partly  defined,  namely  a  U-Pb- 
Si  phase,  and  a  Ti— V  phase*  These  were  analysed 
quantitatively  but  require  additional  data  before 
they  can  be  named  according  to  the  rules  set  by  the 
International  Mi neralogical  Association. 

Mineralizing  events  were  dated.  Ages  can  be 
calculated  for  individual  grains  after  simultaneous 
analyses  of  the  elements  concerned.  Though  it  yields 
less  information  than  the  mass-spectrometer,  which 
determines  isotopes,  the  electron  microprobe  has  the 
advantage  of  being  able  to  perform  point  analyses; 
it  is,  however,  limited  to  uranium-  or  thorium-rich 
minerals  containing  sufficient  amounts  of  radiogenic 
lead  (say,  at  least  2  wt%).  Mineralized  rocks  and  in 
particular  those  that  have  reached  ore— grade  are  the 
result  of  a  succession  of  events  that  occurred  over 
a  period  of  time  which  is  generally  longer  than  the 
resolution  of  present  day  geochronologi cal  methods. 

In  such  rocks  a  complex  mineralogy  reflects  the 
complexity  of  the  mineralizing  events.  The 
microprobe  permits  the  distinction  between  the 
different  varieties  of  a  mineral  species,  between 


« 

' 

. 


226 


fresh  and  altered  material,  and  between  zoned  and 
unzoned  phases  which  can  seldom  be  isolated  by 
mineral  separation  techniques*  Furthermore,  it  is 
possible  to  perform  quantitative  analyses  on  each  of 
these  phases*  Thus,  in  a  sample  or  suite  of  samples, 
rather  than  the  average  age  of  mineralization,  one 
can  obtain  ages  of  mineralizing  events  and  relate 
them  to  the  corresponding  phases*  Having  thus 
defined  the  problem,  one  can  proceed  to  more  precise 
methods  such  as  mass-spectrometry,  if  need  be* 

Some  potential  applications  of  electron  microprobe 
analysis  of  uran ium-bear ing  minerals  have  not  been 
investigated  here.  However,  with  the  findings  of  this  study 
it  is  possible  to  foresee  fields  for  such  applications. 

The  structures  of  many  uranium  and  thorium 
minerals  remain  to  be  determined  and  others,  to  be  refined* 

We  now  have  a  way  in  which  single-crystal  X-ray 
crystallography  can  be  brought  to  greater  value  by  the  non¬ 
destructive,  precise  analysis  of  the  grain  on  which  a 
struc  ture  is  determined*  This,  of  course,  applies  not  only 
to  uranium  and  thorium  minerals,  but  to  all  compounds  and 
more  specifically  to  the  naturally  occurring  'impure1 
mi  nerals. 

In  s  ed i men to  logy ,  the  accurate  definition  of  heavy 
minerals  and,  in  particular,  the  age  of  those  bearing 
uranium,  enables  one  not  only  to  characterize  a  formation  or 


, 
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marker-bed,  but  also  helps  towards  a  better  understanding  of 
the  pa 1 eo geography  of  a  given  period  by  providing  a  more 
accurate  definition  of  the  source  material  of  the  sediments. 

An  expanding  field  of  research  is  pollution 
control  work.  The  recognition  and  identification  of 
radioactive  particles  as  contaminents  in  various 

environments  might  be  advantageously  done  through  microprobe 
ana lys is. 

Another  field,  maybe  more  important,  is  the  realm 
of  mineral  exploration  and  benef iciation.  With  an  increasing 
demand  for  uranium,  low-grade  deposits,  for  example  the  so- 
called  1  uranium  porphyries*,  which  were,  up  to  now, 
economically  marginal,  become  more  and  more  attractive.  For 
such  deposits,  it  is  important: 

1-  to  know  what  portion  of  the  uranium  is  in  uranium- 
rich  phases  amenable  to  pre-concentration  in  order 
to  decide  what  constitutes  a  potential  ore;  and 

2-  to  define  accurately  those  phases  in  ore-grade 
materials  as  a  preliminary  to  the  development  of 
extraction  methods. 

This,  of  course,  applies  not  only  to  low-grade  ore 
but  also  to  the  secondary  recovery  of  mine  tailings  where 
some  mineral  phases  may  not  have  been  extracted  at  the  time 
of  the  original  treatment. 


, 
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APPENDIX  I 


PERMANENT  DATA  FILE  FOR  COR-2 


The  original  data  file  of  COR-2  (  Henoc  e_£  a.1 .  , 
1973)  was  modified  from  the  original  version  supplied  to  the 
laboratory  by  the  National  Bureau  of  Standards,  Washington. 
Complete  data  for  Ce  ,  Pr,  Sm ,  Eu,  Gd,  Tb,  Dy,  Ho,  Er  and  Tm 
have  been  added.  Certain  parameters,  mainly  Coster-Kronig 
coefficients  and  fluorescence  yields,  were  updated  or  added 
to  the  original  file.  Values  for  some  of  the  Coster-Kronig 
coefficients  (for  relatively  light  elements  such  as  the 
first  series  of  transition  elements)  were  added  for  the  sake 
of  completeness.  They  are  not  commonly  called  upon  in 
routine  analysis  of  geological  materials. 

The  file  is  listed  in  table  59,  its  format  has  not 
been  modified  from  that  of  the  original  version.  The  symbols 
*»  **  and  6  in  table  59  ARE  NOT  PART  OF  THE  COMPUTER  FILE, 

they  indicate  the  following: 

#—  modified  line  of  data  from  the  original  version; 

**-  first  line  of  data  for  an  element  added  to  the 
original  data  file; 
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e- 


fit's!  line  of  da  ta  for  each  element* 


Table  58.  Format  for  the  computer*  file 
*  indicates  that  the  numbers  are  right 
field.  To  avoid  confusion  between  line 
line,  the  former  is  designated  as  card 
line.  (After  Henoc  e_t  al  .  ,  1973.  ) 


listed  in  table  59. 
Justified  in  the 
of  data  and  emission 
and  the  latter  as 


card  use 


c  ol  unm  s 


format 


descr i pt i on 


once  at 
beg inni ng 
of  table 


1-3* 


13 


Number  of  elements 
in  permanent  data 
file 


first  card 
for  each 
element 


3  card  for 
each  line 


card  for 
each  line 


1-2* 

3-4* 


5-10 

3  fields  of  6 


11-28 

29-34 


1-7 

8-13 

14-19 

20 


1-7 

8-13 


12 

12 


F6.3 

3F6.4 


F6.2 


2  fields  of  4  2F4.2 

(  35-42  ) 


F7.5 

F6.4 
F6  •  5 

II 


F7.5 

F6.4 


Atomic  number 
Number  of  absorption 
edges  listed  in 
the  file 
Atomic  weight 
Cos te  r-Kroni g 
coefficients 

f 12»  f 23  f  f 1 3 
Absorbtion  constant 

Absorption  exponents 


n 


<  * 


n 


KL 


Wavelength  at 
absorption  edge 
Jump  for  the  edge 
Fluorescence  yield 
Number  of  lines 
listed  for  the  edge 

Wavelength  of  line 
Weight  of  the  line 
with  respect  to  the 
sum  of  line 
intensities  in  this 
series 


• 
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Table  59.  Listing  of  the  permanent  data  file  for  COR-2.  The 
format  of  this  file  and  the  symbols  €?,  £  and  ##  are 

explained  in  table  58  and  at  the  beginning  of  appendix  I. 


77 

1  1  1007 

200 

3  1  6939 

120 

4  1  9012 

111 

5  1  1081 
676 

6  2  12011 

4368  2622 

44  7  1 

99 

7  2  14007 

3099  2576 

316  1 

99 

8  2  16 

2332  24 

2362  1 

99 

9  2  19 
17913  1933 

1832  1 

99 

11  2  2299 

11569  184 

11575  12 

119101  88 

99 

12  2  2431 

95122  15 
95207  12 

989  88 

99 

13  2  2698 

79481  14 
79605  12 

83393  88 

99 

14  2  2809 

6738  1296 

67530  12 

712542  88 

99 

15  3  30974 

5784  1232 

5796  12 

61568  88 


00091 


00151 


00601 


000941 


025  2 


028  2 


038  2 


043  2 


060  2 


1  290 

14  288 
35  286 
74  285 
135  284  273 

221  283  273 

334  282  273 

49  281  273 

905  279  273 

1175  279  273 

1487  278  273 

185  277  273 

225  277  273 


6 

6 

5 

6 
& 


& 


& 


& 


& 


& 


& 


& 


& 


* 

'S 
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Table  59  cont'd 


00 

94 


16  2  32064 

5019  1167 

50316  12 

53722  88 

75  7 

17  2  35453 

43971  1112 
44034  12 

47278  88 

609 

19  3  39102 

34365  101 
34539  12 

37414  88 

00 

421 

20  3  4008 

3  07  03  96 

30897  12 

33584  88 

00 

3513 

21  3  4496 

2762  929 

27796  12 

30309  88 

00 

3014 

22  3  479 

24973  887 

25139  12 

2  74  85  88 

00 

2729 

23  3  5094 

2  26  94  87  03 

22844  12 

250356  88 

00 

238882 

24  2  52 

20702  8497 

208487  12 

22897  88 

167 

25  2  5494 

18964  824 


082  2 


09552 


138  2 


163  2 


190  2 


3130 

221  2 


253  2 


3170 

283  2 


313  2 


27  276  273 


317  276  273 


425  275  273 


484  274  273 


551  274  273 


6290  621  273  273 


698  273  273 


636  78  273  273 


867  272  273 


£ 


£ 


e 


* 


& 


* 


s 


& 

* 


s* 

* 


s 

* 


* 


s 

$ 


r  V  )■ 


• 
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Table  59  cont'd 


19102  126 

21018  874 

1624 

26  3  5585  3020  0700 

174346  8108  342  2 

175661  102 

193604  895 

17202  l 

1726  857 

00 

27  3  5894 

160815  7962  366  2 

162079  10 

178897  88 

00 

15618 

28  3  5869  3250  0997 


148807 

7769 

414  2 

150014 

107 

165791 

893 

00 

14242 

1 

14271 

857 

29  5  6354 

109 

138059 

7659 

443  2 

139222 

12 

154056 

88 

1127  09 

117 

13014 

139 

13288 

573 

00561 

13336 

1 

110.6 

30  4  6538  3220 

12834 

75  05 

4  79  2 

129525 

12 

143516 

88 

1106 

117 

11  862 

139 

12131 

31  5  6972 

1  1958 

7376 

528  2 

120789 

12 

134008 

88 

9517 

117 

1 

10365 

1 

10828 

139 

1 

11023 

1 

111 

4246 

006  1 

11292 

1 

99 

32  5  7259 


652 


622 


624 


9580  272  273 


1055  271  273 


11590  271  273 


12680  271  273 


138  270  273 


1498  270  273 


6 

£ 


6* 


S 

$ 


6 

* 


2660  0249  671  1622  270  273 


>.  v  t 

• 

r 

■ 
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Table  59  cont'd 


111658 

7299 

554 

2 

112894 

12 

125405 

88 

8773 

117 

2 

9581 

59 

9640 

41 

9924 

139 

1 

10175 

1 

10187 

4605 

006 

1 

104361 

1 

99 

33  5  7492 

2820 

0413 

1045 

722 

5  88 

2 

1  0573 

12 

117588 

88 

8107 

117 

1 

8929 

1 

9125 

139 

1 

94141 

1 

9367 

4661 

006 

1 

967  09 

1 

99 

34  5  7896 

3020 

0595 

97974 

718 

596 

2 

99218 

12 

110477 

88 

7503 

117 

1 

8321 

1 

84  07 

139 

1 

87358 

1 

8646 

4583 

006 

1 

899 

99 

35  5  79909 

0764 

9204 

7142 

622 

2 

93279 

12 

1  03974 

88 

6959 

117 

1 

7767 

1 

7753 

139 

1 

81251 

1 

7984 

4524 

006 

1 

83746 

1 

99 

37  5  8547 

107 

8157 

7018 

669 

2 
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APPENDIX  II 


SUGGESTIONS  FOR  THE  ANALYSIS  OF  U  AND  Th— MINERALS 


Ar-EEEEAEATJL^N-EQR-MICROPROBE  ANALYSIS  OF  U  ANp 

The  following  is  concerned  with  the  analysis  of 
minerals  in  a  rock  sample*  For  mineral  separates,  only  steps 
2  and  5  need  be  carried  out* 

1-  The  saw  cut  surfaces  of  a  rock  sample  are  put  on  a 
film  to  locate  the  radioactive  phases  either  by 
autoradiography  or  radloluxography* 

2-  The  selected  portions  of  the  sample  are  impregnated 
with  epoxy  resin,  and  made  into  polished  thin 

sec t i ons • 

3-  Autoradiographs  or  r ad i olux ographs  of  the  thin 
sections  are  made* 

4-  The  thin  sections  are  studied  under  the  microscope, 
with  reference  to  the  radiographs*  Lines  are  drawn, 
in  India  ink,  from  the  edge  of  the  section  to  the 
vicinity  of  grains  to  be  analysed,  and 
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photomicrographs  1X50)  of  these  grains,  including 
the  end  of  the  ink  line,  are  taken*  A  map  of  the 
section,  showing  the  ink  lines,  is  sketched.  In  this 
way,  the  grains  can  be  rapidly  located  during 
analysis,  and  the  exact  point  or  area  of  analysis 
marked  on  the  photomicrograph* 

5—  The  sections  are  coated  to  ensure  good 

co nd uc t i vi t y • *  A  qualitative  study  is  made  to 
identify  the  elements  present  and  check  for 
homogeneity  (see  section  B  below),  using  EDA1 2  and/or 
WDA3  •  Points  or  areas  to  be  analysed  are  thus 
selected • 


Br.  TESTS  FOR  HOMOGENEITY 

Homogeneity  can  be  tested  qualitatively  at 
different  levels.  3road  differences  of  composition  are 
detected  most  readily  by  EDA,  while  more  subtle  differences 
will  be  detected  by  WDA* 


1  This,  of  course,  may  vary  from  one  laboratory  to  another. 

2  energy  dispersive  analysis 

wavelength  dispersive  analysis 


3 


- 
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1.  ENERGY  DISPERSIVE  ANALYSIS 

This  is  done  by  comparing  spectra  for  different 
areas,  either  by  making  Polaroid  photographs  of  the  spectra 
from  the  oscilloscope  display  or  transfering  the  spectra 
from  the  multichannel  analyser  to  a  chart  or  X-Y  recorder, 
an<^  then  comparing  them  visually#  In  all  cases,  the  spectra 
should  be  recorded  over  similar  periods  of  time;  400  to  1000 
second  counting  time  with  an  operating  potential  of  15  kV , 
and  a  probe  current  of  0*3  •  1 0~6  A  gave  sas ti sf ac tory 

results  with  the  instrument  used  in  the  present  study.  These 
conditions  vary  with  instrumentation,  and  with  the  scale  of 
the  variations  sought. 

2.  WAVELENGTH  DISPERSIVE  ANALYSIS 

This  is  done  by  traversing  a  grain  and  recording 
simultaneously  the  intensities  of  two  or  more  elements  on  a 
chart  or  X-Y  recorder;  or  by  taking  X-ray,  backscatter ed 
electron  and  sample  current  scanning  photographs  of  small 
areas.  The  first  is  used  mainly  for  millimetre  scale 
variations,  while  the  second  is  suitable  for  micron  scale 


var ia ti ons • 


. 


- 
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Cr  OPERATING  CONDITIONS 


Basic  data  and  suggestions  for  the  analysis  of 
uranium,  thorium,  and  associated  elements,  including 
emission  lines  and  standards,  are  listed  in  table  60. 

Suitable  analytical  conditions  for  an  an  ARL  — EM.X 
microprobe,  or  instrument  with  similar  characteristics,  are: 

—  operating  potential  :  15  kV; 

~  probe  current  :  1  X  10~7  A; 

—  beam  diameter  :  0. 5  to  20  microns; 

—  counting  period  :  50  sec.; 

—  number  of  counting  periods  on  'peaks'  :  10; 

—  number  of  counting  periods  on  ’backgrounds*:  5. 

By  taking  numerous  short  'counts*  (here,  50  s)  rather  than  a 
single  longer  'count*  equivalent  in  time  (here,  500  s  for 
•peak*  positions),  it  is  possible  to  avoid  spurious  values 
which  could  arise  from  electronic  failure  and  contamination. 
A  total  period  of  500  s  gives  adequate  statistics  for  most 
concentrations  for  the  instrument  used  in  this  study. 

Suitable  standards  are  listed  in  table  60.  A 
compromise  must  be  reached,  taking  into  account  the 
following  considerations: 

1-  the  average  atomic  number  of  the  standard  should, 

ideally,  be  similar  to  that  of  the  specimen; 

2—  the  element  concerned  should  be  present  in  both 


I 
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standapd  and  sample  in  similar  amounts,  with  the 
proviso  that  it  should  have  a  concentration  of  at 
least  3  wt%  in  the  standard? 

it  is  convenient  to  use  the  same  standard  for 


different  elements* 


The  a 


is  selected  according  to  the 


wavelength  range  required,  and  the  efficiency  of  the 
suitable  crystals,  while  retaining  the  possibility  of 


ma 


xi mum  use  of  the  available  spectrometers.  Suitable 


crystals  for  the  analysis  of  uranium,  thorium,  and  commonly 
associated  elements  are  listed  below  (  table  61  )• 
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Table  60:  Basic  data  and  suggestions  for  the  analysis  of 
uranium,  thorium,  and  commonly  associated  elements  for  an 
operating  potential  of  15  kV •  Elements  (El* )  are  listed  with 
analytical  lines  (Line)  and  their  wavelength  (Wlength); 
standards;  possible  interferences  (Int.  );  and  remarks  (  R  ) , 
•M*  stands  for  metal. 


El* 

Line 

W length 

S  tandards 

Int. 

R 

H 

1 

N 

1 

C 

1 

O 

1 

Na 

Kcr 

11.9090 

feldspar 

2 

Mg 

Ka 

9.8889 

forsterite,  diopside 

Al 

Ka 

8.3390 

feldspar,  corundum 

Si 

Ka 

7.7261 

quartz,  most  silicates 

P 

Ka 

6. 1549 

Ca2P20 7 ,  xenotime 

S 

Ka 

5.3728 

galena,  pyrite 

K 

Ka 

3.7424 

feldspar 

U-Ma 

3 

K 

3.4539 

i« 

3 

Ca 

Ka 

3. 3596 

feldspar,  Ca2P2C>7 

Ti 

Ka 

2.7496 

M,  rutile,  llmenite 

V 

Ka 

2.5047 

M,  vanadinite 

Mn 

Ka 

2.1030 

M,  rhodonite,  alabandite 

Fe 

Ka 

1.9373 

hematite,  pyrite,  Fe-silicates 

Co 

Ka 

1.7902 

M ,  cobalt i te 

Cu 

Ka 

1.5418 

M,  cuprite,  chalcopyrite 

Zn 

Ka 

1.4363 

M,  zincite,  willemite 

As 

La 

9.6714 

M,  a rsenopyr i te,  niccolite 

Se 

La 

8.4901 

NbSe2,  eucarite,  naumannite 

Y 

La 

6.4484 

M,  xenotime,  glasses 

Zr 

La 

6.0702 

M,  zircon 

Nb 

La 

5.7240 

M,  NbS2,  glasses 

Mo 

La 

5.4062 

M,  molybdenite,  wulfenite 

Te 

La 

3. 2891 

M,  Ag2Te,  Bi 2Te3 

Ba 

La 

2.7751 

bari te 

La 

La 

2 • 6650 

glasses 

REE-L 

4 

Ce 

La 

2.5611 

glasses 

REE-L 

4 

Nd 

La 

2.3700 

glasses 

REE-L 

4 

Sra 

La 

2.1994 

glasses 

REE-L 

4 

Gd 

La 

2.0460 

glasses 

REE-L 

4 

Dy 

La 

1.9087 

gl as  ses 

REE-L 

4 

Ho 

La 

1.8447 

gl as  ses 

REE-L 

4 

Er 

La 

1.7842 

glasses 

REE-L 

4 

Yb 

La 

1.6718 

glasses 

REE-L 

4 

Ta 

La 

1.5218 

M,  Ta2C>5,  KTa03 

Pb 

Ma 

5.2916 

M,  galena 

Bi 

Ma 

5.1238 

M,  Bi2Te3,  B iS3 

Th 

Ma 

4. 1448 

Th02  »  glasses 

U 

Ma 

3.9168 

U02— U03,  glasses 

Th-MT 

5 

U 

M/9 

3.7160 

«  it 

K-Ka 

3 

' 
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table  60,  cont'd 


^  This  element  is  not  analysedj  its  concentration  is 

calculated  as  indicated  in  section  E  of  this  appendix. 

2“  Sodium  K— lines  occur  in  the  same  range  of  energy  as  some 
uranium  N~abs o rp t ion  edges.  Data  relevant  to  the  analysis 
of  sodium  in  the  presence  of  uranium  are  lacking.  The 
effect  of  the  N-absorption  edges  remains  to  be  quantified 
and  corrected  for,  if  required. 

3-  Interferences  exist  between  K-Ka  and  U-M/9,  and  between  U- 
Ma  and  Th— MY •  When  thorium  is  absent,  U— Mot  and  K-K/9  are 
used;  when  all  three  elements  occur  together,  Th-Ma,  K— 
K^,  and  U— La  can  be  used;  (J— La  (  17.  162  kV )  requires  an 
operating  potential  of  at  least  22  kV  to  excite  it  and 
obtain  sufficient  intensity.  Problems  relative  to  the 
usage  of  U— L  lines  are  considered  in  detail  in 

chapter  IV. 

4-  In  practice,  overlaps  between  the  various  rare-earths 
affect  mainly  the  background  reading  positions.  It  is  a 
good  practice  to  determine  the  background  positions  for 
each  set  of  standard  and  specimen,  and  to  use  standards 
containing  no  more  than  four  rare-earths;  the  latter 
should  be  of  spaced  atomic  number  (say,  5). 

5-  Th— M/?  and  U-Ma  overlap  each  other.  U-M/3  is  slightly 
affected  by  Th— MY;  this  is  only  a  minor  line,  hence  an 
overlap  coefficient  is  easily  determined.  In  the  presence 
of  thorium,  U— M/9  is  used,  and  an  overlap  coefficient  is 
applied  to  the  measured  intensities  (prior  to  data 
reduc  t ion  )  • 


~ 


■ 
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Table  61:  Elements  and  lines  recorded  with  some  common 
crystals  used  in  WDA • 


Crystal 

Elements 

L  i  nes 

K  acid  phthalate  ( KAP ) 

Al-O 

K 

Pb  acid  phthalate  (RAP) 

A 1-0 

K 

Mica 

S-Na 

K 

Thallium  acid  phthalate  (TAP) 

Al-O 

K 

Ammonium  dihydrogen  phosphate  (  ADP ) 

Ti-Mg 

K 

Ba— As 

L 

Pb-U 

M 

Ethylene  diamine  dex tro tartrate  ( EDDT ) 

V-Si 

K 

Nd-Y 

L 

Pb-U 

M 

Penta erythri tol  (PET) 

V-Si 

K 

Nd-Y 

L 

Pb-U 

M 

Quartz  ( Si02 ) 

Co-P 

L 

E  r— Zr 

L 

Lithium  fluoride  (LiF(200)) 

Se-K 

K 

Ta— A  s 

L 

D-  DATA  PROCESSI  NG 

At  present,  two  programmes  are  known  to  effect 
reduction  of  microprobe  data,  including  full  'ZAF* 
corrections  for  M-lines,  !.•£•»  COR- 2  (  Henoc  »  1973) 

and  FEPAC  (Springer,  1976)*  These  must  be  adapted  to  the 
local  computer.  CGR-2  refers  to  a  permanent  data  file  for 


constant  parameters  used  at  various  steps  in  the  reduction. 


' 


' 
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This  file  must  be  extended  for  uranium,  thorium*  and  rare- 
earth  analysis*1  FEPAC  uses  a  set  of  equations  to  calculate 
most  parameters  as  required. 

Whether  data  are  recorded  on  tapes*  cassettes* 
punched  cards,  or  paper  depends  on  the  installation. 
Depending  on  the  mode  of  recording,  ratios  of  intensities 
(sample  divided  by  standard)  will  be  calculated  by  desk 
calculator,  or  by  computer  programmes.  When  recorded, 
corrections  for  variations  in  the  probe  current  to  aperture 
current  ratio  should  be  applied  to  the  raw  data  by 
independant  programmes.  Corrections  for  overlaps  are  not 
included  in  the  above  mentioned  programmes,  and  need  to  be 
applied  prior  to  final  reduction. 


Er-ELEMEFTfS  ftOT_A&ALlS£D 

Light  elements  are  not  analysed  quantitatively  by 
microprobe;  they  are  determined  either  by  stoichiometry  or 
by  difference.  When  oxygen  is  the  only  light  element 
present,  it  can  be  calculated  stoichiome trical ly.  When 
additional  elements,  such  as  hydrogen,  carbon,  and  fluorine 
are  expected,  they  are  treated  together  with  oxygen,  and  the 
sum  of  light  elements  is  calculated  by  difference.  The 


l 


Such  a  completed  file  is  listed  in  appendix  I 


. 


computed  average  atomic  number  of  a  phase  will  not  differ 
much  whether  ail  light  elements  are  attributed  an  atomic 
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number  of  8*  or  if  their  weighted  average  atomic  number 
calculated*  since  in  most  minerals*  oxygen  is*  by  far* 
most  abundant  light  element  (j,.*e**  the  weighted  average 
atomic  number  for  the  light  elements  would  be  close  to 
most  cases)* 


i  s 
the 

8  in 


APPENDIX  III 


SAMPLE  TEMPERATURE  BENEATH  THE  ELECTRON  BEAM 

According  to  Friskney  and  Haworth  (1967),  the  rise 

in  temperature  at  a  point  bombarded  by  electrons,  located  at 

a  distance  • r*  from  the  centre  of  the  electron  beam,  can  be 

calculated  as  follows: 

3Wq(  3— r2/ rfj  )(  l+21n(  R/ ro~r2/rfj  )  ) 

T(  r  )  - - 

4x3. 141  6[  1 K i  (  13-3r2/rg  )+3Kr0(  1  +  2 ln(  R/ r0 -r2/rg  )  )  ] 

where:  T(r)=  temperature  increment  at  a  distance  1 r*  from 

the  centre  of  the  beam 

ro  =  radius  of  the  beam 

R  =  radius  of  the  specimen 

=  thermal  conductivity  of  the  coating 

K  =  thermal  conductivity  of  the  specimen 

Wo  —  total  power  absorbed 

1  =  thickness  of  the  coating. 


For  the 

foil  owing  values: 

r0 

=  1*1  0“  4  cm 

R 

=  1  cm 

3  03 
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^  0  —  15  kV  x  1  •  0  •  1  0  6amp  •  1  0~  * 

(Only  about  1/10  of  the  current  passes  through 
the  last  300  micron  aperture  in  the  AKL-EMX 
instruinen  t  used  and  with  the  operating 
conditions  suggested.) 

=  1.5*10~6  watts 

K  =  0.004  cal/ sec • cm • " C  (as  obsidian) 

—  0.016  watt/cm* "C 

Kl  =  0.5  watt / cm • " C  (i.e.  about  1/4  of 
the  conductivity  of  aluminium) 
l  =  2001. 

At  the  centre  of  the  beam,  r=0  and: 

r/r0=  0 

the  equation  thus  becomes: 

3W0x3(  l+2ln( R/r0  )  ) 

T(  0 )  - - 

4x3.  14  16[  (  1 3lK i  )+3Kr0(  1+  2ln(  R/r0  )  )] 

9x1 .5-10~3w(  l  +  2lnl04  )  cm  *C  cm  "C 

T(  0  )  - - 

4x3  •  14  1 6[  2x1 0~6caix0. 5wxl  3x3x0 .016w«10~4cm(  l+2lnl04  )] 

T ( 0  )  = 1 97 " C  then , 

if  the  room  temperature  is  21*C,  then, 

the  temperature  at  the  centre  of  the  beam  is  2 1 8*  C 


- 


APPENDIX  IV 


IDENTIFICATION  AND  PETROGRAPHIC  DESCRIPTIONS  OF  SAMPLES 


Table  62 

Identification  of  the  samples  from  the  Bale 

Johan  Bee tz  region 

Tab le  63 

Petrographic  descriptions  of  the  samples  from 

the  Bai e  Johan  Beetz  region 

Table  64 

Identification  of  the  boulder  samples  from  the 

Duddridge  Lake  region 

T ab l e  65 

Petrographic  descriptions  of  the  samples  from 

the  Duddridge  Lake  region 

Table  66 

I  den  t  i  f  ic  a  t  ion  of  the  samples,  from  the 

Charlebois  Lake  region 

Table  67 

Petrographic  descriptions  of  the  samples  from 

the  Charlebois  Lake  region 

All  the  percentages  (%)  given  in  the  petrographic 
descriptions  were  estimated  visually* 
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Table  62  Identification  of  the  samples  from  the  Baie  Johan 
Beetz  area 

number  rock  type 


JB-1 

white  pegmatite 

JB-2 

white  granite  with  uranophane  and  allanite 

JB-3 

pink  granite 

JB-4 

pink  biotite  granite 

JB-5 

white  biotite  granite  (at  contact  with  pink  biotite 

pegma t i t e  ) 

JB-6 

pink  bi ot i te-ga rnet  gneiss 

JB-7 

pink  bi o t i t e— ga rne t  gneiss 

JB-8 

biotite  and  apatite  rich  granite 

JB-9 

fracture  filling  in  granite 

JB-10 

muscovi t e— bio ti t e  pink  to  green  granite 

JB-11 

medium  pink  to  green  granite 

JB-12 

coarse  greenish  granite 

JB-13 

coarse  greenish  granite 

JB-14 

garnet  bearing  medium  green  granite 

JB-1 5 

shear  zone  in  white  pegmatite 

JB-16 

pink  pegmatite 

JB-17 

shear  zone  in  medium  green  granite  (sample  JB-18) 

JB-18 

medium  green  granite 

- 


- 


- 
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Table  63 


Petrographic  descriptions  for  samples  from  the 
Bale  Johan  Beetz  region 


Sample  JB— 1 


mi  ne  ra  1 


%  description 


quartz 

15 

undulose  extinction 

mi  croc 1 ine 

10 

altered;  cloudy  brownish  appearance 

plagioc lase 

75 

A. n i  s  *  cloudy  brown  appearance,  more 

altered  than  mi  croc  line 

muscovite 

<1 

small  patches  and  veinlets  in 

p lagi oc lase 

chlo  ri te 

<1 

titanobetafite 

1 

yellow  to  red,  almost  opaque, 

metamict,  biaxial 

uranini te 

<1 

round  is h 

nionazi  te 

<1 

a u tom or phous 

xeno t ime 

<1 

automor phous 

apa  t i te 

<0.1 

Oraninitet  nionazi  te .  _  and  j{enotime  tend  to  cluster  together. 
Texture  :  granoblastic 


cm 


acc  essories 


0. 1 


mm 


' 


- 
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table  63  cont*d . Sample  JB-2 


mi nera l 


%  description 


quartz 
icicroc  line 
plagioclase 
musco vi te 

uranini te 
raonazi te 


15  undulose  extinction 
50  altered;  cloudy  brown  appearance 
30  An3Q»  more  altered  than  microcline 
<1  small  patches  and  veinlets  in 
p lagi oc la  se 
<1  roundish 
<1  automorphous 


Manazl.te_.ftnd  uranini  te  tend  to  cluster  together;  no  apatite 
or  xenotime  were  observed* 

Texture  -  granoblastic 

Average  grain  size  :  1  cm;  accessories:  0.1  mm 


■ 
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table  63  c on t • d « « « . , . . Sampl e  JB-3 


%  description 


40  undulose  extinction  round  grains 
included  in  feldspar 
40  perthiticf  light  brownish  surface 
with  large  plagioclase  exsolution 
1  in  veinlets  associated  with  ilmenite 
and  included  in  microcline 
<1  roundish 
<1 
4 

<1  interstitial  between  rutile  and 
i  linen  it  e 

Xlpjenxte,  rutile  and  calcite  are  found  together  with  minor 
amounts  of  Fe-muscovite;  they  are  remnants  of  a  large  broken 
grain  (2x4mm)«  The  rutile  is  automorphous  and  displays 
rhombohedral  shapes# 

Texture  :  granoblastlc 

Average  arain  size  :  1  cm;  accessories  0.5  mm 


quartz 

microc line 

Fe— muscovi te 

urani n i te 
ilmenite 
rut i le 
ca le i t e 


... 


. 


' 


...  I 
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table  63  cont'd . Sample  JB-4 


mi nera l 

% 

descr ip t i on 

quartz 

10 

undulose  extinction 

mi croc  1 i ne 

5 

altered  brownish  surface 

plagioc lase 

65 

Ango  altered  brownish  surface 

bi ot i te 

20 

b  rown 

muscovi t e 

<1 

associated  with  biotite 

urani n i te 

1 

often  fractured 

monazi t e 

1 

autoinor  phous 

xenotime 

<1 

automor phous 

zi  rccn 

<0.1 

automor phous 

The  ug.anj.ni  te  is  often  fractured.  Seen  in  transmitted  light, 
the  black  grains  appear  to  be  composed  of  two  phases  under 
reflected  light.  One  phase,  uraninite,  is  grey,  more 
reflectant  and  fractured  or  'exploded1,  the  second  is  grey 
to  slightly  greenish  end  fills  in  the  fractures  or 
constitutes  a  major  part  of  the  'opaque  grain'  (30  to  95%), 
it  is  believed  to  be  carbonaceous  matter. 

The  radioactive  grains  do  not  tend  to  cluster  together. 
Texture  :  granoblastic 


Ayer&ge  grain  size  :  0.5  cm;  accessories:  0.3  ram 


■  • 


/- 
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table  63  contact . Sample  JB-5 


ml  ne  ra  1 

%  description 

quartz 

80  undulose  extinction 

mi croc  1 i ne 

<1  altered;  c  loudy  surface 

plegloclese  5  An25»  altered;  cloudy  surface 


bi o ti  te 

15  brown,  dark  red  to  nearly  black  in 

section  parallel  to  (001) 

uranini te 

<0.1  roundish 

apa  t i te 

<1 

monazi te 

1  automor phous 

zi rc  on 

<0.1  automorphous 

muse  o  v i te 

<1  associated  with  uraninite  in  biotite 

The  biotite 

is  chloritized  or  turning  green.  It  contains 

very  finely 

disseminated  uraninite  grains  easily  detected  by 

their  wide  radiogenic  haloes. 

Texture  :  granoblastic 

Average  grain  size  :  0.5  cm;  accessories:  0.3  ram 


■ 
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table  63  cont'd . Sample  JB-6 


mine  ra l 

%  description 

quartz 

8  undulose  extinction 

mi  c  roc l i ne 

60  perthitic  with  large  plagioclase 

exsolutions;  slightly  altered 

plag ioc lase 

10  as  exsolution  in  microcline 

bi ot i te 

20  two  generations  ( brown— green  and 

brown  ) 

garnet 

1  fractured 

muscovite 

<1  associated  with  biotite 

ch lori te 

<1 

uranini te 

1  two  phases  as  in  section  JB— 5 

apa t i te 

<1 

monazi t e 

<1  automor phous 

Two  generations  of  bio  ti te  were  recognized,  the  first  one 


more  important 

(  15%),  is  brown  and  green,  and  contains 

uraninite;  the 

second  is  brown,  cuts  grains  of  the  first 

generation  and 

is  uraninite  free# 

:  granoblastic 

grain  size  :  0*5  cm;  accessories:  0*3  mm 


l~.  •  ....  *  • 

. 

■ 

* 

. 
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table  63  cont* d.  ......  Sample  JB-7 


mi  ne  ra  1 

% 

descr iption 

quartz 

30 

undulose  extinction 

mi  croc  1 i ne 

60 

altered;  cloudy  brownish  appearance 

plagi oc lase 

2 

bi ot i te 

1 

brown  to  almost  black 

garnet 

8 

often  hosting  uraninite 

monazi te 

<1 

au tom or phous 

xenotime 

<1 

automor phous 

zi rcon 

<1 

automor phous 

urani ni te 

<1 

two  phases*  as  in  section  JB-5 

apa t i te 

<1 

it  uranlnite  and  apatite  tend  to 


cluster  together# 

Texture  :  granoblastic 

Average  gra in  size  :  1  cm;  accessories:  0.3  mm 


* 
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table  63  cont'd.  ,  Sample  JB-8 


mineral  %  description 


quartz 
mi croc  1 ine 

plagi oc lase 


bi otite 

muscovite 

tit  anobetaf i te 

monaz i t e 

zi rcon 

apa  t i te 


5  interstitial,  undulose  extinction 
70  altered,  brownish,  perthitic  with 
large  exsolutions 

3  zoned,  An3o  at  the  centre  with  a  rim 
of  aoout  Anjo  the  centre  is  very 
altered;  the  rim  is  fresh* 

20  green  to  dark  red  (almost  black) 

<0*1  associated  with  biotite 
<0.1 

2  automorphous 

1  automorphous 

<1 


Monazite  and  zircon  cluster  together.  They  are  strongly 
radioactive  and  usually  occur  in  contact  with,  or  close  to, 
bi ot i te • 

Texture  I  granoblastic 

Average  grain  size  :  0.5  cm;  accessories  0.3  mm 


- 


■ 
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table  63  cont'd . ..Sample  JB-9 


mi ne  ra l 

% 

desc  r ip  t i on 

quart  z 

25 

undulose  extinction 

mi croc l ine 

18 

altered;  turbid  surface 

plagioc lase 

10 

altered,  brownish  turbid  surface 

al  lar.ite 

8 

pale  brown  at  the  centre,  with  a 

darker  rim 

xenotime 

20 

automorphous ,  altered 

samarskite 

2 

autoraor phous 

urani ni te 

5 

automorphous 

thorogummi te 

2 

fractured,  often  as  a  rim  around 

xeno t ime 

zi rc  c  n 

1 

clear,  zoned 

This  sample  had 

a  very 

altered  aspect.  This  is  reflected  in 

the  thin  section  by  intense  fracturing  especially  around 
xenotime  and  samarskite* 

Xe  not  1 me  is  zoned  and  has  a  brownish  centre  with  a  pale 
yellow  rim*  Some  grains  show  exsolution  of  a  Th  phase* 
Urani  n  i  t  e  is  rinuned  by  a  thin  red  coating* 

Texture  :  granoblastic 

Ay frfigg  gr&lp  :  1 


■ 


■ 
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table  63  cont'd . Sample  JB-10 


mine  r a l 

% 

descr  ipt  ion 

quartz 

15 

undulose  extinction 

microc l ine 

5 

altered,  cloudy  appearance 

plagi oc la  se 

75 

An3o»  very  altered,  cloudy  brown 

surface  with  fine  flakes  of  mica; 

antiperthitic 

bi ot i t e 

3 

brown  to  dark  red  to  almost  black 

chlor i te 

chloritized  partly  or  wholly 

muse  o  v i te 

<1 

associated  with  biotite 

xeno  t i me 

<1 

automor phous 

tnonaz  i  te 

<1 

automor phous 

uranini te 

<1 

round  is  h 

titanobetaf ite 

<0.1 

Monazlte  and  xe.no time 

tend  to  cluster  together. 

Texture  :  granoblastic 

Ayeg&£g fi£aifl 

Size  :  1 

cm;  accessories:  0.3  mm 
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table  63  cont'd . Sample  JB-11 


mineral  %  description 


quartz 
mi croc l ine 

plagi oc lase 


bi ot i te 

c  h lo  r i te 
muscovite 


55  undulose  extinction 

25  altered  brownish  surface,  finely 
per thit ic 

20  zoned,  An^  at  the  centre  with  a  rim 
of  about  Ang 5 •  The  centre  is  very 
altered  with  distinct  flakes  of  mica; 
the  rim  is  fresh. 

4  brown  to  dark  red  to  almost  black, 
c  hlor i t ized 

<1  associated  with  biotite 
1  associated  with  biotite  and 
p lagi oc lase 


titanobetafi te 

<1 

uran i ni te 

<0. 1 

round ish 

apa  t i te 

<0.1 

automor phous 

zi  rcon 

<0.1 

a u tom or phous 

monazi.  te 

<0.1 

automor  phous 

Ti  tanobetaf  i  te  ,  _urajU.nl tj;£e ,  zircon  and  monazite 
cluster  together,  and  occur  in  contact  with,  or  close  to, 


bi ot i t e • 


Average. 


:  granoblastic 
firs  in  _£l£.e  :  0.5 


cm  ; 


accessories:  0.5  mm 


• 

• 

' 
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table  63  cont'd . Sample  JB-12 


mi ne  ra  l 

% 

descr ip t i on 

quartz 

30 

undulose  extinction 

K-f eldspar 

20 

slightly  altered; l  Carlsbad  twinning 

only. 

plagi oc lase 

40 

Anjo— 15  *  slightly  altered 

bi o t i te 

1 

brownish  green 

st i Ipnomelane 

<0.1 

sphene 

1 

automorphous  with  seams  of  magnetite 

monazi t e 

<0.  1 

automor phous 

al lan i t e 

1 

automorphous,  yellow  to  green 

zi  rcon 

<1 

automorphous,  zoned 

apa ti te 

<0.1 

automorphous 

t i tanobetaf i te 

<0.1 

uran ini te 

<0.1 

round  is  h 

magnet i te 

<0.1 

included  in  sphene 

MP.na^ile  , £ir  cop. ,  „a.V.Vft.Bi  t -1 aea-titg  »  tltanobetafite  and 
uran  in^te  cluster  together  and:  occur  in  contact  with  or 
included  in  biotite. 

Texture  :  granoblastic 

Average  grain  size  *  2  mm;  accessories:  0.2  mm 


,  - 


•  •.  . 


— 
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table  63  cont'd . .  ( 

»  Sample  JB— 13 

mineral  % 

description 

quartz  50 

undulose  extinction 

microcline  40 

slightly  altered 

plagioclase  8 

zoned,  Anjo  at  the  centre  with  a  rim 

of  about  Ani 7 •  The  centre  is  very 

altered  with  distinct  flakes  of  mica; 

the  rim  is  fresh 

biotite  2 

c  hlor i t ized 

chlorite 

alteration  of  biotite 

muscovite  <1 

associated  with  biotite 

ti  tanobe  t  af  i  te  <0*1 


uraninite  <0*1 

auto mo  rphous 

monazi te  <0*1 

aut  omo  rphous 

zi rcon  <0*1 

automo rphous 

Texture  :  granoblastlc 

Average  grain  size  :  0*2—1  cm;  accessories:  fr*  2  mm 
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table  63  cont'd# .... ..Sample  JB-14 


mineral  % 

description 

quartz  45 

undulose  extinction 

microcline  20 

slightly  perthitic  with 

recrystallized  seams  of  muscovite  and 

quartz;  very  slightly  altered 

plagioclase  20 

Anjo*  slightly  altered 

bio  t i te  3 

c  hlor i t i zed 

chlor i te 

mostly  from  alteration  of  biotite  end 

in  minute  cracks  in  microcline 

muscovite  <1 

associated  with  feldspar 

stilpnomelane  3 

fractured,  altered 

samarskite  <1 


xenotime  <0*1 

a ut ora or phous 

ilraenite  <1 

automor phous 

brooki te  <0*1 

a  u tom or phous 

magnetite  <0*1 

as  exsolution  in  brooki te 

The  whole  thin  section  shows  damage  due  to  expansion  or 
fracture  of  sti Ipnomelan e* 

Texture  :  granoblastic 


Average  grain  size  :  0*5—1  cm;  accessories:  1-0.1  mm 


' 
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table  63  cont*d< 

Sample  JB— 15 

minera l 

% 

descr ip t i on 

quartz 

1 

interst it ial 

K— feldspar 

5 

pi agioc lase 

15 

Ani7-2oi  slightly  altered 

muse  ovi t e 

7 

al lanite 

63 

automorphous ;  zoned;  pale  green 

centre  with  a  darker  rim 

samarskile 

4 

xenotlme 

4 

ur  a  n  i  n  i  t  e 

1 

s  ub— automorphous 

i  loieni  te 

2 

brook! te 

<0.1 

inclusion  in  ilmenite 

Allanite  is  the 

main  constituent  of  this  thin  section 

samarskite.  xenc 

>  t ime • 

uraninite,  ilmenite  and  brook* te  ocene 

in  the  plagioclase. 

Texture  :  cranoblastic 

a 3LS.S.&&S.  gr.ft.ln  ai.%e  :  1 

cm;  accessories:  1  mm 
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table  63  cont'd. . Sample  JB-16 


mi nera 1 


%  description 


mi  croc l i ne 
plagicclase 


muscovi te 

sa  ma  rski te 
xenotime 
al lani te 

uranini te 


45  slightly  altered 

50  slightly  altered;  a  rim  of  about  Anjo 
is  barely  distinguishable  from  the 
c  entre  An^  5 

1  associated  with  microcline  and  in 
patches  and  veinlets 

<1 

<1 

5  automorphous ;  zoned  (pale  green 
centre  with  a  darker  rim) 

<1  automorphous 


This  section  resembles  section  JB-15  but  the  al  lani te  is 
less  abundant,  other  minor  minerals  such  as:  s  amars^ t  e  f 
xenotime  and  uranini te  occur  in  feldspar  mostly  in  contact 
with  or  close  to  the  allanite. 

Texture  :  granoblastic 

Average  grain  si^e  :  1  cm;  accessories:  1  mm 


' 


t 
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table  63  cont'ct.  ......  Sample  JB-17 


mi nera l 

% 

description 

quartz 

85 

mosaic  extinction 

bi o t i te 

4 

pale  brown,  with  eyes  of 

quartz 

sphene 

4 

between  cleavage  planes 

automor phous ;  dark  pink, 

often  with 

al lani t e 

4 

inclusions  of  zircon 

sub-automorphoas;  zoned  ( 

pale  green 

zi  rcon 

<1 

centre  with  a  dark  green 

rim) 

automor phous 

or  brown 

uranini te 

<1 

automor phous 

br ooki te 

sa  ma  rskite 

SEfcepe t  a l lani te 

<1 

<0.1 

»  zi.rc.on  t  urani.iii.te ,  brook!  te  and  samarskite 

cluster  together  and  occur  in  contact  with  or  close  to 
bi ot i  t  e  • 

Texture  :  granoblastic 

Average  grain  size  :  1  cm;  accessories:  1  mm 


. 


' 
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table  63  cont'd. Sample  JB-18 


mi ne  ra  l 


%  description 


quart  z 
mi c  roc  I i  ne 
plagioc lase 


bi ot ite 
muscovite 

chlori te 


zi rcon 


50  undulose  extinction 

20  slightly  altered;  finely  perthitic 
28  Ang 5 ;  very  altered  with  distinct 
flakes  of  raica»  cloudy  appearance 
2  brown  to  green 
<1  associated  with  biotite  and 
plagioc lase 

<1  alteration  product;  pseudomorph  of  an 
hexagonal  section  but  the  presence  of 
the  primary  mineral  was  not  detected 
<1  automorphous 


Texture  :  granoblastic 


Ay.gr grai.p  size 


1  cm;  accessories:  1  mm 


. 
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Table  64 

Identification  of  the  boulder  samples  from  the 

Duddridge  Lake  region 

numb  er 

rock  type 

DL  —  1 

me  ta— ar kose 

DL-2 

me  ta-ar kose 

DL-3 

me t a— a r kose 

DL-4 

me  ta  — ar kose 

DL-5 

migmati t  e 

DL-6 

grey  dyke 

DL-7 

me  t a— quar  tz i t  e 

DL-8 

quartz! tic  me ta— arkose 

DL— 9 

me t a— a r kose 

DL  —  1  0 

me ta— conglomera te 

- 

• 
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Tab 1 e  65 


Petrographic  descriptions  for  samples  from  the 
Duddridge  Lake  region 


Sample  DL— 1 


mineral 

% 

descr ip  t ion 

quartz 

55 

undulose  extinction 

mi cr o 1 i ne 

35 

altered;  turbid  surface 

plagioc lase 

5 

fresh  about  An^ot  diffuse  twinning 

hi ot i te 

5 

pale  brown 

ca 1c ite 

<0.1 

zi  rcon 

<0.1 

chalcopyri te 

1 

automorphous 

i Imen i t e 

1 

fine  interstitial  blades 

1 branner i te • 

<0.1 

roundishj  with  reddish  haloes 

Ti— V  phase 

<0.1 

roundish,  with  reddish  haloes 

1 

grains  tend  to  cluster  together.  They  are 

surrounded  by 

red  staining. 

Texture  :  do rohvroblasti c 

Average  grain 

_S.ise  :  1 

mm;  accessories:  0.1  mm  (  ilmenite  )  to 

0.  01 

- 

*• 
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table  65  c ont * d •••••• < 

» Sampl e  DL— 2 

mineral  % 

descr ip t i on 

quartz  45 

most  grains  are  discrete  and  show  no 

undulose  extinction 

mi  croc  line  5 

altered;  turbid  surface 

plagioc lase 

altered;  turbid  surface,  An*_io 

bi ot i te  3 

brown 

muscovite  2 

pale  brown  to  colourless 

'brannerite'  <1 

associated  with  red  staining 

U—Pb— Si  phas  ae  <1 

as  crack  filling  and  in  siua  11  pockets 

ru t i  ie  <0*1 

Blot 1 te  end  muscovite  either  cluster  together  to  form  smell 
pockets  or  occur  separately  as  dispersed  grains  throughout 
the  sample* 

Textur e  :  equigranular  to  mortar 

Ayeragg  grain  size  :  0*5  mm;  accessories:  0*01  mm 
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table  65  cont • d.  ......  Sample  DL-3 


mi nera  l 

% 

descr ip t ion 

quartz 

50 

undulose  extinction 

mi  croc l ine 

18 

altered;  turbid  surface 

plagioc lase 

20 

altered;  turbid  surface,  Ans_io 

bi o  t i t e 

2 

b  rown 

muse  ovi t e 

alteration  of  plagioclase 

ca  1c  i  t  e 

alteration  of  plagioclase 

uran in i te 

3 

soft,  occurs  in  bands  of  discrete 

grains 

• branner it e 1 

1 

U— Pb— Si  phase 

1 

as  cluster  and  fracture  filling 

carnot ite 

<0. 1 

associated  to  U— Pb—Si  phase 

The  composition  of  the  plagi oclase  is  difficult  to  estimate 
because  it  is  damouritized  and  its  twinning  is  diffuse* 

1 brann  erlte1  occurs  as  grains  dispersed  between  the  major 
constituents  of  the  rock  and  as  inclusions  in  feldspar* 


:  equigranular 


Average  grain  size  :  0*5  mm;  accessories:  0*01  mm 


. 


. 
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table  65  cont'd . Sample  DL-4 


mineral  % 

description 

quartz  55 

undulose  extinction  in  the  larger 

grains,  normal  extinction  in  smaller 

grains 

mic roc  line  30 

fresh 

plagioclase  7 

fresh,  Ans;  diffuse  twinning 

biotite  2 

pale  brown  to  pale  green,  chloritized 

zircon  CO  ,  1 

zoned 

uraninite  1 

round is  h 

U— Pb— Si  phase  1 

mostly  associated  with  uraninite 

py r i te  <0*1 

a u tom or phous 

•brannerite*  <1 

round ish 

magnetite  <0*1 

associated  with  uraninite 

Uraninlte  and  Ibrannerite1  occur  as  interstitial  grains  and 
included  in  quartz  and  feldspars  where  they  display  large 
reddish  black  haloes*  Interstitial  grains  do  not  display 
haloes  in  adjacent  feldspars  or  quartz*  Both  are  soft  and 
altered  and,  occasionally  show  replacement  by,  or 
overgrowths  of,  magnetite* 

Red  to  yellow  staining  is  abundant  between  grains  and  in 
cleavage  planes* 

Texture  :  equi granular 

Average  grain  size  :  0*5  mm;  accessories!  0*01  tnm 


■ 


- 


’ 


i  I 
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table  65  cont'd.. . Sample  DL-5 


mineral  %  description 


quartz 
micr oc li ne 
plagioclase 

biot i te 
muse  ovi te 
uranini te 
•brannerite* 
monazi te 
pyr i te 
rut i le 


60 

25 

10 


2 

1 

<1 


1 

<0.  1 
<0.1 
<0.1 


undulose  extinction 
fresh 

generally  fresh  with  some  large 
flakes  of  hydromuscovite;  Anio-12 
chlor it ized 

round ish 
round is  h 


Ur&ninite  and  'brannerite*  occur  as  in  sample  DL-4.  They  are 
less  abundant  than  in  the  latter  specimen;  iron  staining  is 
also  less  abundant. 

Texture  :  mortar  to  equi granular 

:  1mm;  accessories:  0.01  mm 


.  * 


. 

: . 
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table  65  cont'd. .... ..Sample  DL-6 


mine  ra l 

% 

descript i on 

quart  z 

45 

undulose  and  plain  extinction 

mi  croc  line 

16 

little  alteration 

pi eg i oc lase 

30 

little  alteration;  An3_15;  diffuse 

twinning 

biot i te 

1 

brown 

urani ni te 

1 

very  altered,  roundish 

U— Pb— Si  phase 

2 

mostly  associated  with  uraninite 

cha  Ic  opy  ri  te 

<0.1 

arsenopyri te 

<1 

coba l t i te 

<1 

ilmenite 

1 

fine  interstitial  blades 

ru  t  i  le 

<0.  1 

1 branner i t e ' 

<0.1 

Un&nini 1 e  is 

mostly  interstitial.  It  is  altered  and  occurs 

as  remnants  in  yellow 

reddish  patches. 

Rutile  anct  T1 

-V  Oii.de 

are  intergrown. 

Ar££iia.BYril£... 

and  cobaltite  often  form  mixed  erains. 

Te  x tur e  :  porphyroblastic,  gneissic 

Ay  er.a.&g  ur.a.ln 

mm,  accessories:  0.01  mm 

-  _ 


I. 

■  — 
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table  65  cont* 

d . 

Sample  DL- 7 

ml nera 1 

% 

descr ipt ion 

quartz 

55 

undulose  extinction 

mi croc  1 ine 

10 

altered;  turbid  surface 

plagi ocla  se 

30 

altered,  damouritized,  very  diffused 

twinning;  about  Anjs 

ca 1c i te 

<1 

associated  with  plagioclase 

bi o t i te 

1 

pale  brown 

muse ovi te 

5 

zo i si te 

<1 

che Icopyr i te 

4 

often  associated  with  muscovite 

sphene 

1 

with  segregation  of  rutile  and 

i Imenite 

ru  t i le 

<0.1 

associated  with  sphene 

ilmenite 

<0.1 

associated  with  sphene 

apat i te 

<0.1 

automor phous 

monazi te 

• 

o 

V 

autoraor phous 

• branner it e ' 

<0.1 

very  altered 

U-Pb-Si  phase 

<0.1 

Texture  :  ecuieranular 

Aygffigfi  gcsJLii- 

size  I  1mm.  accessories!  0.01  mm 

'  • 


-  1  - 


. 
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table  65  cent' d« 

Sample  DL— 8 

mi ne  ra  i 

% 

descr ip t ion 

quartz 

50 

in  large  grains  with  mosaic 

extinct  ion 

oicroc line 

10 

fresh 

plagi oc lase 

30 

fresh,  Anj 5 

bi ot i te 

3 

b  rown 

ilmeni te 

1 

fine  interstitial  blades 

rut i le 

1 

automorphous,  often  with  a  reddish 

ha  lo 

co  ba  1 1  i  te 

5 

automorphous 

sa  f f lor i te 

<0. 1 

chalcopyri te 

<0.  1 

zi rcon 

<0.1 

• branner ite  1 

<0.1 

roundish,  with  reddish  halo 

Ti  — V  oxide 

<0.1 

Cobaltite  oiten 

edges  of  rutile. 

occurs 

as  clusters  of  grains  growing  on  the 

Texture  :  nor  ohv  robla  s  ti  c  *  schistose 

Aygxsge  ..gr-sin-Si^g.  :  1 

mm;  accessories:  0.01  mm 

■ 
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table  65  cont'd. 

mi  ne  ra  l 

%  description 

quartz 

40  undulose  extinction 

mi  croc l ine 

10  altered;  turbid  surface 

plagioc lase 

48  almost  fresh,  some  daraouri tiza t ion , 

Anj  3 

biot i te 

1  pale  brown  to  pale  green 

muse  ovi te 

<1 

ca Ic i t e 

<0.1 

ilmeni te 

1  fine  interstitial  blades 

chalcopyri  te 

<0.  1 

1  branner i te  • 

<0.1  roundish,  surrounded  by  yellow 

staining 

apa t i te 

<0.1  automorphous 

Texture  :  equi granular ,  slightly  foliated 
Average  grain  size  :  1  ram;  accessories:  0.01  mm 


--  —  -  -  ■  -  -  -  - -  -  -  - 

-  -  -  - - -  '  —  —  -  -  - 

’ 

. 
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table  65  cont'd. ......  Sample  DL-10 


mineral  %  description 


quartz 

bi o t i te 
muse  ovi te 
ga rne  t 

epido te 
iltneni  te 
monazi t e 
zi  rcon 
apa t i te 


60  as  pebbles  in  large  sutured  grains 
and  as  smaller  grains  in  the  matrix 
13  brown 
2 

1  a l ter ed  to  quartz  and  mica,  and 
epidote,  fractured 
1  replacement  of  garnet 
1  5 

5  automorphous 
3  automorphous 
1  automorphous 


granobl a  st 


:matrix: 


ic 

coarse  fraction:  5  mm 
0*  5  mm  to  0*  03  ( accessori 


es 


) 


The  coarse  grained  fraction  of  this  me ta— conglomerate 
consists  of  quartz  pebbles  while  the  matrix  is  a  intimate 
mixture  of  bioti tet  ilmenite  and  mica  with  epidotized 
garnet,  zircon,  apatite,  monazite  and  finer  grained  quartz# 


t/'l  i 
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Table  66  Identification  of  the  samples  from  the 

Charlebois  Lake  region 


number 

rock  type 

CL  —  1 

mi gmat i te 

CL— 2 

migmati te 

CL— 3 

mi gmat i te 

CL— 4 

pegmati te 

CL— 5 

migmati t e 

f-  i 

/ 
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Table  67  Petrographic  descriptions  of  the  samples  from 

the  Charlebois  Lake  region 


Sample  CL— 1  (average  of  two  polished  thin— sect ions  ) 


mi  ne  ra  1 

% 

descr ipt ion 

quartz 

7 

undulose  extinction 

or  t hoc  la se 

20 

altered;  turbid  appearance;  not 

twinned 

plagioc lase 

62 

zoned;  altered  damouritized  centre  of 

undetermined  composition  with  a 

fresher  rim  of  about  An25 

bi ot i te 

10 

reddish  brown,  to  almost  black,  with 

chloritized  zones 

muscovi te 

1 

in  feldspar  and  as  small  flakes 

a r o un d  biotite 

ur an ini te 

<0.  1 

mostly  remnants 

monazi te 

<0. 1 

automor phous ,  pinkish  to  yellowish, 

met am ic  t 

zi rcon 

<0.1 

a u tomor phous ,  clear,  zoned,  metamict 

pyr i te 

<0.  1 

lamellar  mostly  included  in  biotite 

in  cleavage  planes 


. 


I 
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Mgf t g  t _ 2LLrSLQE._3,nd-  uranini  te  do  not  appear  to  be 
associated  with  biotite*  Both  zircon  and  monazite  have  low 
birefringence  (first  order  white),  this  is  imputed  to 
metamictization#  When  in  contact  with  biotite,  monazite  has 
a  radiogenic  halo,  while  zircon  does  not*  Included  in 
biotite,  cubic  shapes  of  yellowish  dark  green  to  brown 
material  appear  to  be  remnants  of  uraninite;  they  are  rimmed 
by  a  reaction  zone*  One  grain  of  uraninite  appeared  fresh, 
it  is  included  in  plagioclase* 

Texture  :  ecjui  granular 

Avgr&ge  grain  size  :  5  mm;  accessories:  0*5  mm 


. 


339 


table  67  cont'd . Sample  CL- 2 


mi ne  ra l 

% 

description 

quartz 

20 

undulose  extinction 

or  thoc la  se 

29 

not  twinned,  cloudy  surface 

mi croc  line 

1 

twinned,  cloudy  surface 

plagioc lase 

40 

altered,  damouri t ized ,  about 

Anso 

biotite 

10 

brown 

monazi t  e 

<  1 

a utomorphous ,  yellowish  to  pinkish, 

metamict 

z  i  r  c  c  n 

<1 

a utomorphous ,  clear,  zoned, 

metamic  t 

uranini te 

<0*1 

remnants,  hematitized 

py r i te 

<0.1 

lamellar,  mostly  included  in 

between  cleavage  planes 

biotite 

Cubic  shapes  of  yellowish  dark  green  to  brown  material 
appear  to  be  remnants  of  uranini tc.  They  are  rimmed  by  a 
reaction  zone  or  the  host  mineral  (biotite  of  feldspar)# 
Monazlte  zircon  and  anaaiaije  are  mostly  included  in  or  in 
contact  witht  biotite*  The  biotite  occasionally  shows  kink 
structure  around  the  included  grains*  Zircon,  though 
metamict,  imprints  no  radiogenic  halo  in  the  biotite  while 
monazite  does* 

Texture  :  mortar 

Average  grain  size  -  3” 6  nuni  accessories!  0*5  mm 
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table  67  cont1 d«  •••••• Sa mple  CL— 3  (average  of  two  thin- 

sec  t  ions  ) 


mi ne  ra I 


%  description 


quartz 

orthoclase 

plagi oc  La  se 
bi ot i t e 
zi rcon 
uran ini te 


40  undulose  to  mosaic  extinction 
15  slightly  altered;  brownish  surface, 
not  twinned 

30  altered,  damouritized;  about  An25 
15  brown 

<0*1  in  biotite,  with  radiogenic  haloes 
<0*1  hematitized  remnants  with  reddish 
he loes 


Tefttupe  :  equigranular  to  gneissic 

Average  grain  size  :  5  mm  (equigranular),  1mm  (gneissic) 

accessories;  0*1  mm  (uraninite),  0«05  mm  (zircon) 


•V  • 

1  ■ 
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table  67  cont'd. «*«•«. Sample  CL-4  (average  of  two  thin 
sect i ons  ) 


mi  ne  ra  1 

% 

description 

qua  r  tz 

40 

undulose  to  mosaic  extinction 

orthoc lase 

5 

altered;  turbid  surface,  not  twinned 

plagioc lase 

40 

zoned;  fresh  rim,  generally  not 

twinned,  of  about  Ani 5  with  twinned 

cfamour  i  t  i  zed  centre  of  lower 

refrative  indices  (Anio?) 

biotite 

15 

b  rown 

muse  ovi te 

1 

occurs  around  biotite 

monazi t e 

<0. 1 

automorphous ,  yellowish  to  pinkish, 

met araic  t 

zi re  o  n 

A 

O 

• 

t-k 

automorphous,  clear,  zoned,  metamict 

uranini te 

<0. 1 

r emna n  ts 

ga 1 ena 

<0.1 

lamellar,  mostly  included  in  biotite 

in  cleavage  planes 

Monazite  biotite  and  uraninite  are  mostly  associated  with 
biotite.  They  occur  as  in  sample  CL— 2. 

Texture  Z  equigranular  to  mortar 

Average  £»rain  size  :  2—5  mm;  accessories:  0*1  mm 


-  -  -  -  - 
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table  67  cont'd 

Sample  CL— 5A 

mi ne  ral 

% 

description 

quartz 

5 

undulose  extinction 

or thoc lase 

5 

altered;  turbid  brownish  surface 

plagioc lase 

35 

altered,  damour i t ized ,  about  Angs 

bi o t i te 

55 

brown 

muscovite 

<1 

occurs  around  biotite 

zi rcon 

<0.1 

automor phous ,  zoned,  clear,  metamict 

monazi te 

<0.1 

a utomor phous ,  yellowish  to  pinkish, 

metam ic  t 

pyri  te 

<1 

galena 

<0.1 

uranini te 

<0.1 

remnants 

Monazite  and  zircon  are  mostly  associated  with  biotite. 

Monazite  gives 

rise  to 

radiogenic  haloes  in  biotite  while 

zircon  does  not. 

Texture  :  schistose 

Average  £rain  size  •  1—2  mm;  accessories:  0.5  mm 


I 


> 

' 
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table  67  c  on  t 1  d.  ••••••  Sam  pi  e  CL—  5B 


mineral  %  description 


quartz 

microcline 

plagi oc lase 


muse  ovi te 
bi ot i t e 
apa  t i t e 
hemati te 
ur ani ni te 


5  undulose  extinction 

45  perthitic,  moderately  altered;  turbid 
sur  face 

45  zoned  very  altered  damouritized 

centre  of  about  An25  with  a  fresher 
rim  of  about  An2o 

1 

3  brown 

<1  automorphous 

<0.1 

<0.1  remnants 


Average 


:  equigranular 

.grain.  .ai^e  :  5 


to 

mm 


mo  r tar 
accessor ies : 


0.2  mm 


